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Some  few  attempts  hav^e  been  made  to  determine  tlie  site  of  forma¬ 
tion  and  the  location  of  antihormones  outside  of  the  blood  stream 
where  they  are  readily  demonstrable.  Zondek  and  Siilman  (1042) 
reported  that  urine  and  extract  of  liver,  spleen,  muscle,  ovary,  and 
testis  of  animals  whicli  had  received  repeated  injections  of  prolan 
were  lacking  in  antigonadotrophic  activity.  On  the  other  hand  de 
Fremery  and  Scheygrond  (1941)  were  able  to  demonstrate  antiprolan 
in  the  milk  of  a  pregnant  goat  which  had  been  protractedly  treated 
with  prolan.  Gordon,  Kleinberg,  and  Charipper  (1939)  finding  that 
blockage  of  the  reticuloendothelial  .system  or  splenectomy  interfered 
with  antihormone  formation  concluded  that  the  reticuloendothelial 
system  participated  in  the  production  of  antigonadotrophic  substances 
as  would  appear  to  be  the  case  for  other  antibodies. 

It  is  now  generally  agreed  that  antihormones  are  antibody-like 
in  nature  (.see  Thompson,  1941),  hence  it  may  be  assumed  that  the 
problem  of  the  origin  and  location  of  antihormones  in  the  animal 
body  becomes  one  with  that  of  antibodies  in  general.  Within  recent 
years  an  extensive  literature  has  accumulated  which  points  to  the 
lymphoid  tis.sue  as  a  whole  and  the  lymphocyte  in  particular  as  the 
source  of  antibody,  and  evidence  has  been  given  to  show  that  the 
release  of  antibody  from  lymphoid  tissues  is  regulated  by  the  pituitary 
gland  through  its  effect  upon  the  secretions  of  the  adrenal  cortex. 
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Inclusive  summaries  dealing  with  the  question  have  been  presented 
by  Ehrich  and  Harris  (1945),  White  and  Dougherty  (1946),  and 
Dougherty  and  White  (1947). 

The  object  of  the  work  to  be  reported  here  has  been  to  establish 
whether  lymphoid  tissue  or  more  specifically  the  lymphocyte  is  the 
source  and  site  of  formation  of  the  antigonadotrophic  substance. 
This  problem  has  been  approached  by  the  direct  method  of  extraction 
of  ti.ssues  and  experimental  modification  of  lymphoid  ti.ssues  of 
immunized  animals. 


MATERIALS  AND  METHODS 

Sexually  mature  young  adult  rabbits  of  various  breeds  and  male  rats  of 
60-90  days  of  age  of  the  Sprague-Dawley  strain  were  used  for  the  production 
of  the  antigonadotrophic  substance.  These  animals  were  given  daily  subcu¬ 
taneous  injections  of  250-500  mg.’  of  crude  sheep  pituitary  extract  prepared 
according  to  the  method  of  McShan  and  Meyer  (1943).  At  intervals  after 
the  initial  injection  blood  samples  were  taken  from  the  heart  of  the  treated 
animals.  The  serum  was  recovered  and  assayed  for  the  presence  of  antigo¬ 
nadotrophic  activity.  The  assay  methods  employed  here  were  similar  in 
principle  to  those  which  are  usually  used  in  studies  of  antigonadotrophic 
serums.  Essentially  the  methods  involve  the  inhibition  of  gonadotrophic  ex¬ 
tract  by  antigonadotrophic  substances  injected  simultaneously  but  at  sepa¬ 
rate  site  into  21  day  old  female  rats.  By  one  method  the  ovarian  weights  are 
used  as  the  criterion  of  the  effect  in  which  case  a  total  dose  of  100  mg.  of 
pituitary  extract  is  given;  by  the  other  method  the  weights  of  the  uteri  are 
used  as  the  index  of  activity,  and  in  this  case  a  total  dose  of  5  mg.  of  the  ex¬ 
tract  is  injected.  With  the  exception  of  the  assay  of  antigonadotrophic  ac¬ 
tivity  of  the  lymph  plasma  presented  in  Table  1  all  assays  were  by  use  of  the 
uterine  weight  method. 

.Animals  which  showed  high  antiserum  titers  were  considered  suitable  for 
study.  Lymph  plasma,  lymphocytes,  lymph  nodes,  spleen,  thymus,  bone 
marrow,  liver  and  cecum  from  them  were  assayed  for  possible  antigonado¬ 
trophic  effects. 

Lymphocytes  and  lymph  plasma  were  collected  by  cannulation  of  the 
thoracic  duct  of  immunized  rabbits.  The  lymph  was  collected  in  graduated 
centrifuge  tubes  as  it  came  from  the  cannula  and  heparin  was  added  at  inter¬ 
vals  to  prevent  clotting.  It  was  centrifuged  at  constant  speed  for  a  definite 
time  after  which  the  lymphocyte  volumes  were  read.  Because  of  the  frequent 
appearance  of  small  amounts  of  clotted  material  in  the  lymph  the.se  measure¬ 
ments  could  be  considered  only  rough  approximations  of  the  actual  volume. 
Howev'er,  this  was  considered  satisfactory  for  the  qualitativ'e  study  intended. 

During  some  of  the  early  operations  smears  were  made  of  cells  collected 
by  this  method  and  red  cell  counts  carried  out  on  the  lymph  as  it  came  from 
the  cannula.  The  smears  showed  that  the  lymphocytes  were  overwhelm¬ 
ingly  predominant.  lied  blood  cells  although  invariably  present  in  small  num¬ 
bers  were  not  in  sufficient  concentration  to  indicate  contamination  from  the 
blood  stream. 


’  Indicates  in  all  cases  milligram  euqivalents  of  original  pituitary  powder  used  in 
making  the  preparation. 
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In  some  cases  the  lymphocytes  were  washed  3  times  in  saline  and  in 
others  as  much  of  the  fluid  as  possible  was  removed  from  the  tube  by  blotting 
after  the  sup)ernatant  fluid  had  been  decanted. 

Both  lymph  plasma  and  lymphocytes  were  stored  in  the  frozen  state 
until  assayed.  For  this  purpose  sufficient  normal  saline  was  added  to  the 
lymphocytes  to  provide  for  6  injections  of  .5  ml.  for  each  assay  animal. 

Tissues  to  be  assayed  for  antiserum  content  were  removed  at  autopsy 
and  frequently  kept  frozen  until  used.  They  were  prepared  for  injection  by 
homogenizing  in  2  times  their  weight  of  normal  saline.  Where  possible  the 
entire  homogenate  was  injected,  but  where  this  proved  impossible  due  to 
clotting  of  the  homogenized  tissue  only  the  supernatant  fluid  was  injected. 

In  addition  to  the  direct  assay  methods  outlined  above  attempts  were 
made  to  ascertain  the  location  of  the  antigonadotrophie  substance  indirectly 
by  the  use  of  adrenal  cortical  materials.  Antihormone  animals  were  injected 
with  various  amounts  of  Adrenal  Cortex  Extract  (supplied  by  the  Upjohn 
Co.)  and  at  intervals  after  injection  the  serum  was  tested  for  changes  in  the 
antigonadotrophie  titer.  These  serums  were  assayed  in  total  amounts  rang¬ 
ing  from  .3  ml.  to  .005  ml. 

A  second  indirect  approach  was  applied.  Since  the  enhancement  of  anti¬ 
body  titer  after  adrenal  cortical  treatment  was  attributed  by  White  and 
Dougherty  (1946)  to  the  breakdown  of  lymphocytes  and  consequent  release 
of  immune  substances,  any  agent  which  causes  the  destruction  of  lympho¬ 
cytes  should  bring  about  increased  antibody  in  the  serum.  A  lymph  node 
antiserum  was  considered  to  be  such  a  substance. 

To  prepare  this  serum  a  large  rabbit  was  injected  9  times  intravenously 
with  fresh  rat  lymph  node  homogenized  in  2  times  its  weight  of  normal 
saline.  The  first  2  injections  were  of  .1  ml.  each,  the  following  6  of  .4  ml.  and 
the  last  of  .5  ml.  The  rabbit  was  bled  on  the  fifth  day  after  the  last  injection. 
This  antiserum  was  administered  intracardially  to  antihormone  rats  under 
light  ether  anesthesia  after  having  been  mixed  with  an  equal  part  of  heparin. 

Total  white  cell  counts  and  differential  counts  were  done  before  and 
after  this  treatment,  and  samples  of  blood  were  withdrawn  from  the  heart 
for  antigonadotrophie  assay. 

Finally,  the  popliteal  lymph  node  was  employed  in  a  manner  suggested 
by  the  work  of  Ehrich  and  Harris  (1942).  For  this  study  various  amounts  of 
pituitary  extract  were  injected  into  the  sole  of  the  foot  of  rats  and  rabbits 
and  at  intervals  the  popliteal  lymph  nodes  of  rabbits  or  popliteal  and  iliac 
lymph  nodes  of  rats  were  removed  and  assayed  by  the  method  outlined 
above  for  other  tissues.  The  particular  advantage  of  such  a  technicpie  is  con¬ 
sidered  to  lie  in  the  fact  that  the  injected  material  is  for  the  most  part  re¬ 
quired  to  pass  through  these  particular  nodes.  As  a  result  antibodies  might 
be  expected  to  develop  more  rapidly  and  be  more  concentrated  in  them. 

Two  series  of  rabbits  were  given  a  single  injection  of  pituitary  extract. 
On  the  4th,  6th,  and  8th  day  the  animals  were  killed  and  the  popliteal  lymph 
nodes  were  removed  and  assayed  for  antigonadotrophie  activity.  In  another 
series  one  animal  received  2  injections  of  extract  6  days  apart,  autopsy  being 
performed  on  the  10th  day  after  the  first  injection  and  the  4th  day  after  the 
last  injection. 

Similar  experiments  were  carried  out  using  rats  with  the  difference  that 
both  popliteal  and  iliac  lymph  nodes  from  3  animals  were  pooled  for  assay 
on  the  4th,  6th,  and  9th  day  after  the  last  injection. 
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RESULTS  AND  DISCUSSION 

Lymphocytes  and  Ly?nph  Plasma 

Table  1  gives  the  results  of  assays  of  lymphocytes  collected  by 
cannulation  of  the  thoracic  duct  in  12  antihormone  and  3  normal 
rabbits.  The  data  obtained  from  assays  of  unwashed  cells  from  3 
animals  has  been  averaged  for  presentation  in  tabular  form,  and 
other  groups  have  been  arranged  on  the  basis  of  the.  volumes  of  lym¬ 
phocytes  assayed.  The  uterine  weights  of  immature  females  receiving 


Table  1.  Assay  of  lymphocytes  and  lymph  plasma  of  normal  and 
ANTIHOBHONE  RABBITS  FOB  ANTIOONADOTROPHIC  ACTIVITY 


No. 

animals 

cannu- 

lated 

Lymph 
plasma 
(ov.  wgt.) 
mg. 

Control  Lymphocyte 

(ov.  wgt.)  volume 

mg.  ml. 

Lymphocytes 
(ut.  wgt.) 
mg. 

Control 
(ut.  wgt.) 
mg. 

3 

24  (3)* 

Antihormone  animals 
.7  -.25 

34  (3)  t 

40(4) 

2 

19(2) 

.35-. 3 

38(2) 

39  (6) 

1 

19(1) 

.2 

34(1) 

40(4) 

2 

— 

60  to  80  .2 

68(2) 

50(3) 

3 

27  (3) 

.15-. 12 

52  (3) 

38(9) 

1 

29  (1) 

.05 

39  (1) 

52  (3) 

3 

— 

Normal  animals 
—  .35-. 3 

48(4) 

39  (6) 

*  Numbers  in  parentheses  indicate  number  of  assay  animals, 
t  Indicates  unwashed  cells. 


both  lymphocytes  and  5  mg.  of  pituitary  extract  may  be  compared 
with  uterine  weights  of  animals  receiving  only  5  mg.  of  pituitary 
extract.  The  antigonadotrophic  titer  of  the  l3unph  plasma  from  which 
these  cells  were  separated  is  given  to  show  that  all  animals  had 
reasonably  good  antigonadotrophic  titers  at  the  time  the  lymph  was 
collected.  A  total  dose  of  2  ml.  of  lymph  was  used  to  assay  lymph 
plasma  by  the  ovarian  weight  method. 

It  will  be  seen  that  there  is  no  indication  of  antigonadotrophic 
activity  in  the  lymphocytes. 

Table  2.  Comparison  of  antigonadotrophic  activity  of  the  blood 

SERUM  AND  LYMPH  PLASMA  FROM  THE  SAME  RABBIT 


Dose 

Blood 

Lymph 

(ml.) 

(Ut.  wgt.  mg.) 

(Range  mg.) 

(Ut.  wgt.  mg.) 

(Range  mg.) 

.15 

26  (9)* 

18-42 

28(7) 

18-36 

.08 

37(7) 

26-43 

31  (9) 

21-41 

.04 

29  (7) 

20-41 

32  (7) 

20-45 

.02 

40(7) 

23-77 

34  (7) 

23-45 

.01 

54(5) 

34-75 

47  (5) 

34-65 

.005 

67(5) 

61-73 

54(5) 

44-76 

Control 

=41  (19) 

Control 

=  37  (13) 

*  Numbers  in  parentheses  indicate  number  of  assay  animals. 
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Further  assays  of  lymph  plasma  using  the  uterine  weight  method 
were  made  for  the  purpose  of  comparing  it  with  blood  serum  with 
regard  to  antigonatlotrophic  properties.  The  results  are  presented 
in  Table  2.  Here  the  dose  refers  to  the  amount  of  antigonadotrophic 
lymph  plasma  and  blood  serum  given  with  the  usual  5  mg.  of  pituitary 
extract.  The  effect  of  the  2  fluids  at  different  dosage  levels  is  quite 
similar.  And,  as  has  been  frequently  used  by  us  (unpublished  data), 
both  fluids  become  augmentative  at  the  lower  doses  resulting  in 
uterine  weights  greater  than  those  for  controls. 

Tissues 

Data  showing  the  absence  of  the  antigonadotrophic  substance  in 
homogenates  of  tissues  from  antihormone  and  normal  rats  and  rabbits 
are  given  in  Table  3.  The  dose  is  in  terms  of  the  milligrams  of  tissue 
homogenized  in  saline  and  injected  simultaneously  but  at  separate 
site  from  the  gonadotrophin.  Tissues  from  both  antihormone  and 


Table  3.  Normal  and  antihormone  rabbit  and  rat  tissues 

ASSAYED  FOR  ANTIGONADOTROPHIC  ACTIVITY 


Dose* 

(mg.) 

Antihormone 

Normal 

Tissue 

Exptl.  Control 

(Ut.  wgt.  mg.) 

Exptl. 

(Ut. 

Control 
wgt.  mg.) 

Lymph  Node 

600-350 

Rabbit 
57  (4)t 

78  (6) 

35  (4) 

45(8) 

37  (5) 

Lymph  Node 

300-250 

50(3) 

Spleen 

450-250 

52  (9) 

41  (7) 

60  (5) 

44  (8) 

Liver 

800-300 

58  (6) 

37  (6) 

50  (2) 

39  (2) 

Bone  Marrow 

500 

79  (3) 

50(3) 

70(3) 

50(3) 

Cecum 

500 

45(4) 

37  (2) 

— 

— 

Thymus 

400 

— 

51(2) 

39  (2) 

Lymph  Node 

400-350 

53  (7) 

40  (7) 

56  (4) 

49  (5) 

Lymph  Node 

200-100 

44  (6) 

34  (5) 

— 

Spleen 

Liver 

1000-800 

41  (6) 

34(4) 

— 

— 

700-400 

51(7) 

.38  (7) 

55(5) 

43  (5) 

Thymus 

350-100 

52(4) 

35(4) 

54  (2) 

39  (2) 

•  Quantity  of  tissue  injected. 

t  Numbers  in  parentheses  indicate  number  of  assay  animals. 

normal  animals  are  compared  with  regard  to  their  effect  on  the  activ¬ 
ity  of  5  mg.  of  crude  sheep  pituitary  extract  as  evidenced  by  uterine 
weight  changes.  The  effect  may  be  compared  with  that  of  5  mg.  of 
pituitary  extract  given  alone.  There  is  clearly  no  indication  of  inhibi¬ 
tory  activity,  but  quite  the  contrary  there  is  a  slight  but  consistent 
augmentation  of  uterine  weights  which  appears  in  case  of  either 
normal  or  antihormone  tissues  irrespective  of  the  organ  or  animal 
source. 

Popliteal  Lymph  Node  Studies 

The  results  obtained  from  the  study  of  3  series  of  rabbits  after 
the  injection  of  pituitary  extract  into  the  sole  of  the  foot  are  presented 
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in  Table  4.  In  this  table  the  dose  refers  to  the  weight  of  the  extirpated 
lymph  nodes  which  were  homogenized  in  their  entirety  for  injection. 
That  the  treatment  had  a  marked  effect  on  the  popliteal  lymph  nodes 
of  the  injected  side  may  be  seen  by  a  comparison  of  the  weights  with 
those  of  the  uninjected  side. 

The  data  show  that  injection  of  pituitary  extract  into  the  sole 
of  the  foot  of  rabbits  does  not  cause  the  formation  in  the  popliteal 
lymph  nodes  of  demonstrable  amounts  of  the  inhibitory  substance 
as  uterine  weights  from  experimental  animals  treated  with  homo- 


Table  4.  Popliteal  lymph  nodes  of  rabbits  and  rats  assayed 

FOR  ANTIGONADOTROPHIC  ACTIVITY 


Autopsy 

time 

Treated 
popliteal 
Ij’mph  node 

Untreated 
popliteal 
lymph  node 

Other 

lymph 

nodes 

Material 

injected 

after 

injection 

Dose 

mg. 

Ut. 

wgt. 

mg. 

^  mg. 

«'««  .'it. 

mg. 

mg. 

4  days 

582 

50(2) 

Series  1 — Single  injection 
*  113  53(2) 

513 

73(1) 

F119t 

6  days 

365 

41  (2) 

69  53  (2) 

168 

37  (1) 

8  days 

397 

43  (2) 

201  52  (2) 

427 

70(1) 

1000  mg. 

4  days 

189 

53  (1) 

Control  =40  (5) 

Series  2 — Single  injection 

189 

45(1) 

ISAPt 

6  days 

522 

51  (1) 

-  - 

522 

74  (1) 

8  days 

180 

35(1) 

—  — 

180 

51  (1) 

250  mg. 

10  days 

450 

Control  =52  (3) 

Series  3 — Double  Injection 

54  (1)  —  —  450 

44(1) 

ISAP 

4  days 

Control  =  52  (3) 

250  mg. 
each  inj. 

*  Numbers  in  parentheses  indicate  number  of  assay  animals, 
t  A  purified  extract  of  pig  pituitary, 
i  A  crude  sheep  pituitary  extract. 


genates  of  these  organs  are  equal  to  or  even  greater  than  those  from 
the  control  animals  which  received  only  pituitary  extract.  A  similar 
study  using  rats  gave  the  same  general  results  as  those  for  rabbits 
.shown  in  Table  4. 

Adrenal  Cortical  Extract 

Three  examples  of  the  failure  of  adrenal  cortical  extract  to  produce 
any  consistent  alteration  in  the  blood  serum  antigonadotrophic 
potency  of  antihormone  rats  are  given  in  Figure  1.  For  this  study 
the  pooled  serums  of  immunized  animals  were  assayed  in  various 
doses  at  intervals  after  injection  of  cortical  material  and  compared 
with  antigonadotrophic  serum  from  the  same  animals  withdrawn  be¬ 
fore  cortical  treatment.  The  representative  curves  were  drawn  by 
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D0«(  •NTISCOUa  I*  ■ILLIIILITIIIO 

I'lG.  1.  Negative  effect  of  adrenal  cortical  extract  on  the  antigonadotrophic  titer  of 
blood  serum  from  animals  protractedly  treated  with  crude  sheep  pituitary  extract. 

plotting  uterine  weights  against  decreasing  doses  of  serum.  Each 
point  on  the  graph  and  the  control  lines  represent  the  mean  uterine 
weights  of  3  assay  animals.  Figure  1,  A  and  B,  compares  the  pooled 
antiserums  of  rats  before  and  after  subcutaneous  injection  of  2  and  4 
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ml.  of  adrenal  cortical  extract.  Figure  1,  C,  compares  the  serum  taken 
from  a  rabbit  before,  6  hours  and  24  hours  after  the  injection  of  10 
ml.  of  the  same  extract.  The  average  total  drop  of  the  lymphocyte 
count  for  the  2  series  of  rats  was  marked  but  not  profound.  No  blood 
cell  counts  were  made  of  the  treated  rabbit. 

Doses  of  .3-.08  ml.  of  antiserum  produced  average  uterine  w’eights 
which  were  quite  comparable  before  and  after  treatment  with  adrenal 
cortex  extract  indicating  that  no  important  change  had  taken  place 
in  the  antigonadotrophic  titer.  The  results  obtained  with  smaller 
doses  of  antiserum  were  less  consistent  and  more  difficult  to  interpret 
although  there  is  a  tendency  for  uterine  weights  to  gradually  increase 
even  to  a  level  above  that  for  controls  at  some  point  on  the  curve. 
As  has  been  pointed  out  this  is  the  usual  response  to  small  doses  of 
dilute  antigonadotrophic  serum. 

Lymph  Node  Antiserum 

The  lymph  node  antiserum  proved  to  be  remarkably  effective  in 
reducing  the  number  of  circulating  lymphocytes.  One  animal  given 
.1  ml.  intracardially  showed  a  drop  in  circulating  lymphocytes  of 
68%  after  10  minutes.  Another  showed  a  decrease  of  73%  5  hours 
after  injection  of  .05  ml.  of  the  antiserum.  JBut  in  neither  case  was 
there  any  indication  of  alteration  of  the  concentration  of  inhibitory 
substances  in  the  blood  serum  of  these  animals. 

CONCLUSION 

In  the  introduction  literature  was  cited  which  reviews  the  data 
supporting  the  theory  that  lymphoid  tissue,  or  even  the  lymphocyte, 
may  be  the  source  of  antibody,  the  rate  of  release  of  which  is  controlled 
by  the  pituitary  gland  through  its  effect  upon  the  secretions  of  the 
adrenal  cortex.  Data  obtained  more  recently,  however,  do  not  sup¬ 
port  this  point  of  view.  Complete  summaries  of  such  evidence  and 
additional  findings  have  been  presented  by  Valentine,  Craddock,  and 
Lawrence  (1948)  and  Craddock,  Valentine,  and  Lawrence  (1949). 
And  other  contradictory  indications  may  be  found  in  reports  by  West- 
water  (1940),  de  Gara  and  Angevine  (1943),  Phillips,  Hopkins,  and 
Freeman  (1947),  Murphy  and  Sturm  (1947),  Eisen  et  al.  (1947), 
Stoerk,  John,  and  Eisen  (1947),  Thatcher,  Houghton,  and  Ziegler 
(1948),  and  Craddock  and  Lawrence  (1948). 

From  the  present  report  it  must  be  concluded  that,  in  so  far  as 
the  antigonadotrophic  substance  may  be  considered  to  be  an  anti¬ 
body,  the  findings  presented  do  not  support  the  contention  that 
lymphoid  tissue  is  the  source  of  antibody  the  rate  of  release  of  which 
is  controlled  by  the  secretions  of  the  adrenal  cortex,  since  it  was  not 
possible  to  demonstrate  the  antigonadotrophic  substance  in  lymphoid 
tissues,  nor  was  it  possible  to  alter  the  antigonadotrophic  titer  of  the 
blood  serum  of  immune  animals  by  adrenal  cortical  extract  or  lymph 
node  antiserum. 
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SUMMARY 

Lymphocytes  collected  by  cannulation  of  the  thoracic  duct  of 
rabbits  and  homogenates  of  lymph  node,  spleen,  liver,  bone  marrow, 
cecum,  and  thymus  from  rats  and  rabbits  treated  for  prolonged 
periods  with  crude  sheep  pituitary  extract  gave  no  evidence  of  anti- 
gonadotrophic  activity.  Lymph  plasma  showed  almost  the  same  anti- 
gonadotrophic  titer  as  the  blood  serum. 

Injections  of  pituitary  extract  into  the  sole  of  the  foot  of  rats  and 
rabbits  did  not  result  in  demonstrable  amounts  of  antigonadotrophic 
substance  in  homogenates  of  popliteal  and  iliac  lymph  nodes. 

Adrenal  cortical  extract  and  lymph  node  antiserum  did  not  alter 
the  antigonadotrophic  titer  of  blood  serum  of  immunized  animals. 

Based  on  the  assumption  that  the  antigonadotrophic  substance 
is  an  antibody,  the  conclusion  is  drawn  that  these  findings  do  not 
support  the  view  which  regards  lymphoid  tissue  in  general  and  the 
lymphocyte  in  particular  as  the  source  of  antibody  the  release  of 
which  is  brought  about  by  adrenal  cortical  substance. 
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Klein  (1937),  Frank  and  Fraps  (1945)  and  Kent  and  Liberman 
(1947,  1949)  have  shown  that  ovariectomized  golden  hamsters  will 
mate  after  treatment  with  estrone  and  progesterone.  Miescher,  et  al. 
(1938)  and  Wells  and  Greene  (1939)  described  progestational  changes 
in  the  adrenalectomized  rabbit  uterus  after  estrone-desoxycorticos- 
terone  administration.  Van  Heuverswyn,  et  al.  (1939)  described  the 
uterine  progestational  changes  induced  with  desoxycorticosterone  in 
adrenalectomized  rabbits  and  guinea  pigs,  and  concluded  that  this 
substance  was  1/6  to  1/10  as  potent  as  progesterone  in  eliciting  these 
changes.  These  investigators  obtained  psychic  estrus  in  6  of  the  10 
animals  so  treated.  Other  investigators,  as  Sosa  Gallardo  (1939), 
Courrier  (1940),  Leathern  and  Crafts  (1940),  Masson  and  Selye 
(1942),  Masson  (1943)  and  Emery  (1946),  have  reported  inducing 
progestational  changes  using  desoxycorticosterone. 

The  purpose  of  this  paper  is  twofold :  first,  to  determine  the  effec¬ 
tiveness  of  desoxycorticosterone  acetate  (DCA)  in  inducing  psychic 
estrus  in  the  ovariectomized  golden  hamster  primed  with  estrone;  and, 
second,  to  ascertain  the  nature  of  DCA-induced  epithelial  changes 
in  the  lower  reproductive  tract  of  the  hamster. 

MATERIALS  AND  METHODS 

Twenty-two  normal,  mature,  virgin  female  golden  hamsters  (Cricetus 
AURATus)  of  the  LSU  strain  were  used  in  the  present  study.  Only  those  ani¬ 
mals  weighing  a  minimum  of  85  grams  and  exhibiting  typical  estrous  cycles 
(as  determined  by  the  vaginal  smear  technique)  prior  to  ovariectomy,  were 
used  in  this  study. 

All  animals  were  bilaterally  ovariectomized  using  a  mid-ventral  incision 
after  anesthetization  with  sodium  pentobarbital.  A  recuperatory  p)eriod  of  21 
days  intervened  before  hormone  treatment  was  begun.  During  the  last  8 
days  of  this  period  the  vaginal  smears  were  observed  daily  in  order  to  ascer¬ 
tain  whether  or  not  smears  might  be  of  the  castrate  type,  and  animals  were 
paired  nightly  to  be  certain  that  mating  would  not  occur. 
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During  the  experiment  0.05  mg.  estrone^  diluted  in  neutralized  olive  oil 
was  administered  subcutaneously  in  the  ventral  abdominal  wall  for  6  con¬ 
secutive  nights  in  43  trials.  The  final  dose  was  followed  in  24  hours  by  1.0 
mg.  desoxycorticosterone  acetate.®  The  estrone  regimen  is  of  the  same  magni¬ 
tude  as  was  used  by  Van  Heuverswyn  et  al.  (1939),  in  studies  on  the  guinea 
pig,  and  by  Kent  and  Liberman  (1947,  1949)  in  their  studies  of  the  effects  of 
estrone  and  progesterone  on  vaginal  smears  in  the  hamster.  During  the  en¬ 
tire  regimen  the  animals  were  tested  nightly  for  mating  responses,  and  vagi¬ 
nal  smears  were  observed  at  the  same  time.  In  view  of  the  observations  of 
Kent  and  Liberman  (1949)  (who  noted  that  the  female  hamster  did  not 
mate  during  4  hours  of  observation  after  the  administration  of  estrone  even 
when  combined  with  a  very  small  amount  of  progesterone),  it  was  considered 
unnecessary  to  test  the  mating  reaction  of  estrone-injected  hamsters  for 
longer  than  30  minutes.  Those  animals  which  mated  during  the  estrone  regi¬ 
men,  7  instances  in  43  trials,  were  discarded.  After  the  administration  of 
DCA,  the  animals  were  observed  every  half  hour  until  the  female  exhibited 
lordosis  and  copulation  occurred.  Following  a  complete  regimen  of  hormones, 
the  animals  were  allowed  to  rest  for  a  minimum  of  14  days  before  they  were 
used  for  repeating  the  experiment.  During  the  final  trial,  groups  of  animals 
were  killed  24  hours  after  the  complete  estrone  regimen,  and  24  and  48  hours 
after  DCA  administration.  The  reproductive  tract  of  each  animal  was  re¬ 
moved.  The  upper  vagina,  cervix,  body  and  horn  of  the  uterus  (as  defined  by 
Comeaux,  1949)  were  utilized  in  the  present  study.  These  tissues  were  fixed 
in  Bouin’s  fixative  (PFA)  and  stained  with  Delafield’s  hematoxylin,  eosin 
being  used  as  a  counterstain. 


RESULTS 

In  16%  of  the  trials,  mating  occurred  with  estrone  alone.  The  total 
quantity  of  estrone  that  had  been  administered  varied  from  0.2  mg. 
to  0.3  mg.  This  percentage  is  in  accord  with  the  findings  of  Kent  and 
Liberman  (1947).  In  all  36  trials  on  18  animals  receiving  the  DCA 
following  estrone  psychic  estrus  was  exhibited.  However,  the  time 
interval  necessary  for  the  exhibition  of  psychic  estrus  following  DCA 
varied  from  51  minutes  (1  animal)  to  115  minutes  (1  animal),  the 
average  time  being  87  minutes. 

The  epithelia  of  the  vagina,  cervix,  body  and  horn  of  the  uterus 
were  studied  in  order  to  determine  whether  or  not  noticeable  prolifer¬ 
ation  had  occurred.  No  actual  measurements  of  the  extent  of  prolifera¬ 
tion  were  made.  That  definite  proliferation  occurred  may  be  verified 
in  the  accompanying  figures.  Twenty-four  hours  after  the  final 
estrone  injection,  the  epithelium  of  the  upper  vagina  and  cervix  was 
found  to  be  composed  of  cuboid  cells  beneath  a  thick  surface  layer  of 
squamous  cells,  which  latter  were  undergoing  extensive  desquamation 
(figs.  1,  4).  Twenty-four  hours  after  the  administration  of  DCA  a 
definite  thickening  of  the  epithelium  had  taken  place.  Desquamation 
had  ceased  and  the  epithelium  was  composed  of  a  thin  surface  layer 

’  Theelin-in-Oil. 
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of  squamous  cells  overlying  many  large  cuboid  cells  (figs.  2,  5).  Forty- 
eight  hours  after  DCA  treatment,  the  only  obvious  change  observed 
was  in  the  cell  types  present,  large  cuboid  cells  now  occurring  on  the 
surface,  the  underlying  cells  being  smaller  and  cuboidal.  No  change 
was  observed  in  height  of  the  epithelium,  but  extracellular  vacuola- 
tion  was  observed  in  both  regions  (figs.  3,  6). 

The  epithelium  of  the  body  of  the  uterus,  24  hours  after  estrone 
treatment  (fig.  7),  was  similar  to  that  of  the  cervix.  Twenty-four 
hours  after  the  administration  of  DCA  (fig.  8),  there  was  little  notice¬ 
able  change  in  the  epithelium  of  the  uterine  body  either  with  regard 
to  thickness  or  cell  types  present.  The  most  noticeable  change  was 
the  cessation  of  desquamation.  Definite  thickening  of  the  epithelium 
and  increased  vacuolation  was  clearly  observed  after  48  hours  had 
elapsed.  At  this  time  only  large  cuboid  cells  were  present  (fig.  9). 

The  epithelium  of  the  horn  of  the  uterus  underwent  definite 
progestational  proliferation  after  treatment  with  DCA.  Twenty-four 
hours  after  the  complete  estrone  regimen  the  uterine  horn  epithelium 
was  composed  typically  of  pseudostratified  colunmar  cells  (fig.  10). 
Twenty-four  hours  after  administration  of  DCA,  the  epithelial  cells 
had  become  larger  and  resembled  large  cuboid  cells.  The  basement 
membrane  had  become  obscure  and  some  vacuolation  of  the  endo¬ 
metrium  was  evident  (fig.  11).  Forty-eight  hours  after  DCA  treatment 
the  endometrium  showed  little  alteration.  The  surface  of  the  epitheli¬ 
um  was  highly  pitted,  unlike  the  condition  seen  at  any  other  time. 
Vacuolation  had  not  appreciably  increased.  The  cells  of  the  epithelium 
were,  for  the  most  part,  cuboidal  (fig.  12). 

DISCUSSION 

In  the  present  experiments  utilizing  the  hamster,  all  the  animals 
treated  with  estrone  and  desoxycorticosterone  acetate  mated.  The 
time  interval  (an  average  of  87  minutes)  was  shorter  in  the  hamster 
than  the  7.3  hours  Van  Heuverswyn  reported  for  the  guinea  pig.  The 
latent  period  between  the  injection  of  DCA  and  the  exhibition  of 
psychic  estrus  in  the  present  experiment  appears  about  the  same  as 
that  observed  by  Kent  and  Liberman  following  progesterone.  From 
a  consideration  of  the  cyclic  changes  in  the  different  regions  of  the 
normal  reproductive  tract  as  described  by  Comeaux  one  would  infer 
that,  if  any  progestational  changes  were  to  be  produced  by  DCA,  the 
vagina  and  cervix  would  be  most  likely  to  be  affected.  Those  are  the 


All  figures  are  cross  sections  at  a  magnification  of  XI 50. 

Fig.  I.  Upper  vagina  24  hours  after  estrone. 

Fig.  2.  Upper  vagina  24  hours  after  estrone-DCA. 

Fig.  3.  Upper  vagina  48  hours  after  estrone-DCA. 

Fig.  4.  Cervix  24  hours  after  estrone. 

Fig.  5.  Cervix  24  hours  after  estrone-DCA.  Upper  portion  of  figure  cervix,  lower 
portion  of  figure  upper  vagina. 

Fig.  6.  Cervix  48  hours  after  estrone-DCA. 
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regions  where  most  of  the  progestational  changes  actually  occurred. 
White  (1949)  found  that  the  epithelium  of  the  uterine  horn  of  intact 
animals  was  not  altered  during  pregnancy,  pseudopregnancy,  or 
during  the  reproductive  cycle  in  nulliparous  animals.  In  the  present 
experiments  utilizing  DCA,  not  only  did  the  upper  vagina  and  cervix 
exhibit  proliferation,  but  the  body  and  horn  of  the  uterus  likewise 
showed  proliferative  changes.  — 

There  exists  the  possibility  that  substances  produced  by  the  intact 
adrenal  glands  of  these  animals  may  have  affected  the  results,  since 
the  animals  were  not  adrenalectomized. 

SUMMARY 

Psychic  estrus  was  induced  in  ovariectomized  golden  hamsters  in 
each  of  36  tests  using  a  regimen  of  0.05  mg.  estrone  for  6  nights 
followed  in  24  hours  by  1.0  mg.  desoxycorticosterone  acetate.  An 
average  interval  of  87  minutes  elasped  after  desoxycorticosterone 
acetate  was  administered  and  before  psychic  estrus  ensued. 

Proliferation  occurred  in  the  epithelium  of  the  upper  vagina 
following  estrone-desoxycorticosterone  acetate  injections.  Prolifera¬ 
tion  was  most  pronounced  24  hours  after  the  hormone  treatment. 
At  this  time  the  epithelium  of  the  cervix  was  thickened.  An  increase 
in  the  size  of  the  epithelium  in  the  body  of  the  uterus  was  noted  after 
48  hours,  but  was  not  comparable  in  extent  to  that  in  the  cervix. 
After  24  hours,  the  cells  of  the  epithelium  of  the  uterine  horn  also 
exhibited  pronounced  enlargement. 
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Fig.  7.  Uterine  body  24  hours  after  estrone. 

Fig.  8.  Uterine  body  24  hours  after  estrone-DCA. 
Fig.  9.  Uterine  body  48  hours  after  estrone-DCA. 
Fig.  10.  Uterine  horn  24  hours  after  estrone. 

Fig.  11.  Uterine  horn  24  hours  after  estrone-DCA. 
Fig.  12.  Uterine  horn  48  hours  after  estrone-DCA. 
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INTRODUCTION 

Tepperman,  Engel  and  Long  (1943)  have  reviewed  the  literature 
concerning  adrenal  hypertrophy  and  have  pointed  out  the  factors 
which  lead  to  cortical  atrophy.  Clinical  studies  by  Albright,  Reifen- 
stein  and  Forbes  (1946)  have  shown  that  the  administration  of  methyl 
testosterone  reduces  the  urinary  excretion  of  17-ketosteroids  and  11- 
oxysteroids  in  normal  women  and  patients  with  adrenogenital  syn¬ 
drome.  They  pointed  out  the  desirability  of  obtaining  a  steroid  which 
would  “inhibit  the  androgenous  source  without  itself  being  an  andro- 
gen.” 

The  ultimate  pupose  of  this  investigation  was  to  find  a  substance 
which  might  in  such  a  manner  control  congenital  hyperplasia  of  the 
adrenal  in  females.  The  effect  of  17-vinyl  testosterone  and  of  other 
androgenic  and  non-androgenic  steroids  was  investigated. 

Studies  were  made  of  the  weight  and  cholesterol  concentration 
of  the  adrenals  of  male  and  female  rats  treated  with  these  steroids. 
In  addition,  the  role  of  the  gonads  and  the  pituitary  was  studied  by 
administering  the  compounds  to  gonadectomized  and  hypophysecto- 
mized  animals. 

METHODS  AND  MATERIALS 

Female  albino  rats  were  selected  for  most  of  these  experiments,  although 
males  were  also  used  in  certain  special  cases.  The  animals  were  maintained 
on  a  diet  of  Purina  Dog  Chow  and  fresh  vegetables.  The  rats  were  autopsied 
at  80  to  84  days  of  age,  at  which  time  the  average  body  weight  was  approxi¬ 
mately  180  grams.  The  organs  were  weighed  on  a  torsion  balance.  Organ 
weights  were  calculated  on  the  basis  of  milligrams  per  100  grams  of  body 
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by  the  Josiah  Macy  Jr.  Foundation,  New  York,  1948  and  1949. 

*  Eli  Lilly  Fellow  in  Medicine. 

•  Argentine  Fellow  of  the  Mead  Johnson  Fellowship  of  the  Society  for  Pediatric 
Research. 
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weight.  One  adrenal,  the  largest  of  the  pair,  was  placed  in  Bloor’s  solution, 
ground  and  extracted.  The  cholesterol  concentration  of  the  pooled  extract 
from  each  group  of  animals  was  determined  by  the  method  described  by 
Peters  and  Van  Slyke  (1932).  The  other  adrenal  gland  from  each  animal  was 
placed  in  15  cc.  of  6%  trichloracetic  acid  and  ground  with  acid  washed  norit. 
The  ascorbic  acid  concentration  of  the  pooled  extract  from  each  group  of 
animals  was  determined  by  the  method  of  Roe  and  Kuether  (1943).  The 
steroids  injected  were  dissolved  in  sesame  oil  with  additional  benzyl  alcohol 
when  necessary.  Gonadectomized  and  hypophysectomized  animals  were 
operated  on  immediately  prior  to  the  injection  of  steroid  hormones. 

Table  1.  The  effect  of  different  doses  of  methyl 

TESTOSTERONE  IN  FEMALE  RATS 


Number 

of 

animals 

Daily 

dose 

mf 

Number 

of 

days 

,\verage 

daily 

weight 

gain 

gm. 

Average  adrenal  weight 
mg.  per  100  gm.  Range 
given  in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 
lOO  mg. 
adrenal 
tissue 

4 

0 

0 

2.3 

17.9  (14.7-21 .1) 

.306 

4 

2.5 

20 

2.6 

10.8  (  9.6-12.9) 

.226 

4 

5 

10 

2.0 

14.0  (12.0-15.7) 

.222 

4 

5 

20 

2.2 

13.6  (11 .5-18.4) 

.142 

3 

5 

40 

2.1 

13.9(10.9-17.5) 

.149 

4 

10 

20 

2.1 

16.2  (14.3-19.0) 

.154 

Table  2.  The  effect  of  different  doses  of  desoxycorticosterone 

ACETATE  IN  FEMALE  RATS 


Number 

of 

animals 

Daily 

dose 

mg. 

Number 

of 

days 

Average 

daily 

weight 

gain 

gm. 

Average  adrenal  weight 
mg.  per  100  gm.  Range 
given  in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 

100  mg. 
adrenal 
tissue 

4 

0 

0 

2.4 

18.9(16.9-21.3) 

.346 

3 

(Oil) 

40 

2.7 

18.8(16.9-21.3) 

.418 

4 

1.25 

20 

2.6 

18.0 (16.1-20.6) 

.346 

4 

2.5 

10 

2.3 

18.9(14.5-24.1) 

.466 

4 

2.5 

20 

2.1 

17.9(15.6-20.3) 

.404 

3 

2.5 

40 

2.2 

16.8  (16.7-17.0) 

.384 

4 

5.0 

20 

2.2 

13.1 (10.8-16.6) 

.410 

RESULTS 

The  effect  of  various  doses  of  steroid  upon  the  adrenal  size  and 
cholestrol  concentration  is  il  'istrated  in  Tables  1,  2,  3  and  4,  in  which 
are  shown  the  results  when  methyl  testosterone,*  desoxycortico¬ 
sterone,*  progesterone  and  17-vinyl  testosterone*  w  ere  given  to  young 
females.  A  definite  reduction  in  adrenal  weight  was  produced  with  as 
little  as  2.5  mg.  methyl  testosterone,  5  mg.  of  desoxycorticosterone, 

*  Graciously  furnished  by  Dr.  E.  Oppenheimer,  Ciba  Pharmaceutical  Products, 
Inc. 
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5  mg.  of  progesterone  and  2,5  mg.  of  IT-vdnyl  testosterone  given  for 
20  days.  It  is  important  to  note  that  higher  doses  of  methyl  testos¬ 
terone  caused  less  reduction  in  adrenal  weight  than  the  smaller  doses, 
while  with  desoxycorticosterone,  progesterone  and  17-vinyl  testos¬ 
terone  the  higher  the  dose  of  administered  steroid  the  greater  the 
reduction  in  adrenal  weight.  In  those  cases  where  the  period  of  treat- 


Table  3.  The  effect  of  different  doses  of  progesterone  in  female  rats 


Number 

of 

animals 

Daily 

dose 

mg. 

Number 

of 

days 

Average 

daily 

weight 

gain 

gm. 

Average  adrenal  weight 
mg.  per  100  gm.  Range 
given  in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 
lOO  mg. 
adrenal 
tissue 

4 

0 

0 

2.2 

19.7(17.0-24.9) 

.374 

4 

(Oil) 

20 

2.2 

18.9(13.5-23.8) 

.353 

4 

1.25 

20 

2.3 

18.1  (15.5-21.3) 

,355 

4 

2.5 

10 

2.4 

17.6(12.1-21.8) 

.367 

4 

2.5 

20 

2.4 

18.6(13.8-22.3) 

.296 

3 

2.5 

40 

2.2 

17.7(18.5-19.2) 

.429 

4 

5.0 

20 

2.1 

14.8(13.0-16.1) 

.428 

Table  4.  The  effect  of  different  doses  of  17-vinyl  testosterone 
given  for  20  DAYS  IN  FEMALE  RATS 


Number 

of 

animals 

Daily 

dose 

mg. 

Average 

daily 

weight 

gain 

gm. 

Average 
adrenal  weight 
mg.  per  100  gm. 
Range  given  in 
parenthesis 

Average 

adrenal 

ascorbic 

acid 

100  mg. 
adrenal 
tissue 

Average 
adrenal 
cholesterol 
mg.  per 
lOO  mg. 
adrenal 
tissue 

5 

0 

1.4 

14.8  (  8.7-19.8) 

.443 

.352 

5 

(Oil) 

1 .5 

15.8(11.9-20.8) 

.526 

.356 

5 

1.25 

2.0 

13.2  (  9.0-18.6) 

.547 

.390 

5 

2.50 

1.2 

10. 6(  7.5-13.9) 

..582 

.428 

5 

5.00 

Testost. 

2.1 

9.4 (  5.9-13.1) 

.566 

.408 

5 

Propionate 

2.50 

1.5 

14.1  (12.8-15.7) 

.536 

.179 

ment  was  shortened  to  10  days  or  lengthened  to  40  days,  the  results 
were  similar  to  those  obtained  during  the  20  day  treatment  period, 
although  with  longer  treatment  some  of  the  observed  changes  w'ere 
more  marked. 

The  cholesterol  concentration  of  the  adrenals  was  markedly  re¬ 
duced  when  methyl  testosterone  or  testosterone  propionate  was  given 
and  this  effect  was  noticeable  at  all  dosage  levels  employed.  On  the 
other  hand,  the  administration  of  desoxycorticosterone,  progesterone 
and  17-vinyl  testosterone  caused  no  reduction  in  the  adrenal  choles¬ 
terol  concentration  and  in  some  instances  there  was  a  slight  rise.  No 
significant  changes  in  adrenal  ascorbic  acid  were  noted.  When  the 
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cholesterol  was  measured  as  free  and  ester  fractions  it  was  found  that 
both  were  proportionately  reduced. 

Table  5  gives  the  results  of  a  single  experiment  in  which  several 
steroids  were  given  to  different  groups  of  animals.  While  testosterone 
propionate  and  17-vinyl  testosterone  produced  a  reduction  in  adrenal 
weight,  dehydroisoandrosterone  acetate,  17-ethynyl  testosterone 

Table  5.  The  effect  of  2.5  mg.  a  day  of  various  steroids  given 
FOR  20  DAYS  TO  FEMALE  RATS 


Number 

of 

animals 

Steroid  injected 

Average 

daily 

weight 

gain 

gm. 

Average  adrenal  weight 
mg.  per  100  gm.  Range 
given  in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 
100  mg. 
adrenal 
tissue 

5 

None 

2.4 

20.7(14.2-25.1) 

.2.57 

6 

Testosterone  Propionate 

2.6 

13.1 (11.4-14.6) 

.196 

5 

Dehydroisoandrosterone 

Acetate 

3.0 

17.6(16.4-18.7) 

.249 

4 

Ethynyl  Testosterone 
Vinyl  Testosterone 

2.9 

18.7(18.3-19.8) 

.333 

4 

3.1 

12.3(11.0-14.6) 

.307 

2 

Ethyl  Testosterone 

2.8 

18.8(18.5-19.1) 

.374 

Table  6.  The  effect  of  17- vinyl  testosterone  given  for  20  days  to 

NORMAL  AND  OVARIECTOMIZED  RATS 


Number 

of 

animals 

Condition 
of  animals 

Daily 

dose 

mg. 

Average 

daily 

weight 

gain 

gm. 

Average  adrenal 
weight  mg.-  per  100 
gm.  Range  given 
in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 

100  mg. 
adrenal 
tissue 

5 

Normal 

(Oil) 

1.5 

17.3  (14.2-19.6) 

.339 

5 

Normal 

5 

2.2 

12.5  (  9.2-16.0) 

.355 

6 

Ovariectomized 

(Oil) 

1.0 

16.2  (12.9-18.2) 

.361 

6 

Ovariectomized 

5 

1.9 

10. 8(  8.8-15.5) 

.384 

(Figure  2)  and  17-ethyl  testosterone  had  little  if  any  effect,  although 
the  same  dose  was  used  for  each  compound.  Here  again  testosterone 
propionate,  but  none  of  the  other  steroids,  caused  a  reduction  in 
adrenal  cholesterol  concentration.  In  fact,  with  desoxycorticosterone, 
progesterone  and  17-\dnyl  testosterone  in  large  doses  there  was  an 
increase  in  the  adrenal  cholesterol  concentration. 

Since  there  seemed  to  be  a  degree  of  parallelism  between  the 
reduction  in  adrenal  weight  and  the  atrophy  of  the  ovaries  following 
injections  of  the  steroids,  the  experiment  with  17-vinyl  testosterone 
w  as  repeated  with  ovariectomized  animals  (see  Table  6).  The  adminis¬ 
tration  of  5  mg.  of  17-vinyl  testosterone  daily  for  20  days  produced 
a  23  per  cent  reduction  in  adrenal  weight  in  the  normal  rats  and  a 
28  per  cent  reduction  in  adrenal  weight  in  the  gonadectomized  rats, 
although  the  adrenals  w'ere  slightly  smaller  following  ovariectomy. 
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A  comparable  experiment  with  normal  male  and  castrate  male  rats 
(Table  7)  showed  a  22  per  cent  reduction  in  the  weight  of  the  adrenals 
in  normal  males  and  a  20  per  cent  reduction  in  the  weight  of  the 
adrenals  in  gonadectomized  males,  although  the  adrenals  were  slightly 
larger  following  castration. 

Table  7.  The  effect  of  17-\tnyl  testosterone  given  for 
20  DAYS  TO  NORMAL  AND  CASTRATED  RATS 


Number  (-ondition 
animals 


Daily 

dose 

mg. 


Average 

daily 

weight 

gain 

gm. 


Average  adrenal 
weight  mg.  per  100 
gm.  Range  given 
in  parenthesis 


Average 
adrenal 
ascorbic 
acid 
mg.  per 
100  mg. 
adrenal 
tissue 


5 

Normal 

(Oil) 

0.3 

12.9(9.6-17.5) 

.409 

5 

Normal 

5.0 

0.5 

8.9  (8.0-  9.8) 

.497 

5 

Castrate 

(Oil) 

0.6 

13.5(8.5-17.9) 

.406 

6 

Castrate 

5.0 

0.0 

9.6 (8.8-10.7) 

.446 

Finally,  17-vinyl  testosterone  and  testosterone  propionate  were 
given  to  hypophysectomized  female  rats  for  20  days  in  a  dosage  of 
2.5  mg.  daily  (Table  8).  Although  the  number  of  animals  used  was  too 
small  to  permit  a  quantitative  comparison  both  17-vinyl  testosterone 


Table  8.  The  effect  of  2.5  mg.  of  17-vtnyl  testosterone  and  testosterone  pro¬ 
pionate  INJECTED  DAILY  FOR  20  DAYS  IN  HYPOPHYSECTOMIZED  FEMALE  RATS 


Number 

of  Steroid  injected 

animals 

Average 

daily 

weight 

gain 

gm. 

Average  adrenal 
weight  mg.  per  100 
gm.  Range  given 
in  parenthesis 

Average 
adrenal 
cholesterol 
mg.  per 

100  mg. 
adrenal 
tissue 

4 

None 

-0.6 

8.95  (7.59-11.65) 

.867 

3 

Testosterone  Propionate 

-1.3 

7.29(6.25-  8.11) 

.721 

3 

17-Vinyl  Testosterone 

-1 .0 

5.79(4.48-  7.41) 

.722 

and  testosterone  propionate  treated  animals  showed  smaller  adrenals 
than  the  untreated  controls.  The  higher  than  normal  adrenal  choles¬ 
terol  concentration  which  followed  hypophysectomy  was  reduced  but 
not  to  normal  levels  by  the  administration  of  these  steroids. 

DISCUSSION 

Results  obtained  with  the  potent  androgenic  steroids,  testosterone 
propionate  and  methyl  testosterone,  confirm  those  previously  reported 
and  verify  the  observations  made  by  Selye  (1941)  that  small  doses 
produce  greater  atrophy  than  larger  doses.  Although  Hall  and 
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Korenchevsky  (1938)  noted  a  decrease  in  the  number  of  fat  vacuoles 
and  lipoid  granules  in  the  adrenal  cortex  after  giving  androgen,  there 
have  been  no  measurements  of  the  adrenal  cholesterol  concentration. 
The  finding  of  a  reduced  cholesterol  concentration  in  the  adrenal 
gland  which  has  atrophied  after  treatment  with  testosterone  or  methyl 
testosterone  contrasts  with  the  observations  of  Sayers  (1948)  that 
the  cholesterol  concentration  of  the  adrenal  is  greater  than  normal 
after  hypophysectomy.  It  appears  that  the  cholesterol  concentration 
rises  when  the  reduction  in  size  is  brought  on  by  a  diminution  in 
pituitary  tropic  hormone,  but  falls  when  the  reduction  in  size  is 
brought  on  by  the  administration  of  androgen. 

The  decrease  in  adrenal  weight  brought  on  by  administering 
desoxycorticosterone  has  been  reported  in  detail  by  Greep  and  Deans 
(1947)  while  the  decrease  in  weight  produced  by  progesterone  has 
been  noted  by  Clausen  (1940).  There  has  been  no  mention  in  the 
literature  of  the  effect  of  17-vinyl  testosterone  upon  adrenal  size. 
This  compound  is  not  generally  considered  to  be  androgenic,  although 
it  was  shown  by  Kochakian  (1944)  to  have  weak  properties  of  this 
nature.  Its  effect  upon  the  adrenal  gland  differed  from  that  of  the 
potent  androgens  in  that  large  doses  had  more  effect  than  small 
doses,  and  in  that  there  was  no  reduction  in  the  cholesterol  concentra¬ 
tion. 

The  fact  that  17-vinyl  testosterone  produced  a  reduction  in  the 
size  of  the  adrenal  glands  in  ovariectdmized  females  and  castrate 
males,  as  well  as  in  normal  rats  of  both  sexes,  indicates  tliat  the  effect 
was  not  mediated  by  way  of  the  gonads.  Results  with  the  hypophy- 
sectomized  animals  are  more  difficult  to  interpret  since  in  these  animals 
the  adrenal  is  reduced  in  size  and  has  a  higher  than  normal  cholesterol 
concentration.  Since  17-vinyl  testosterone  can  cause  a  reduction  in 
the  size  of  the  adrenal  in  the  absence  of  the  gonads  it  seems  most 
probable  that  this  is  the  result  of  either  a  direct  effect  upon  the 
adrenal  gland  or  an  indirect  effect  through  the  pituitary  or  both,  and  it 
is  of  special  significance  because  the  compound  is  not  strongly  an¬ 
drogenic. 

It  is  of  interest  to  compare  the  effects  of  17-ethyl,  17-vinyl  and 
17-ethynyl  testosterone.  These  compounds  differ  only  in  the  degree  of 
saturation  of  the  C20-C21  bond.  With  17-ethyl  testosterone  which  is 
known  to  be  relatively  inert,  Kochakian  (1944)  did  not  produce  any 
reduction  in  adrenal  size.  The  17-vinyl  compound,  which  has  a  single 
unsaturated  or  ethylene  type  of  bond  and  which  is  a  very  weak 
androgen  (Selye,  1942),  caused  considerable  decrease  in  the  size  of 
the  adrenals.  The  17-ethynyl  compound,  which  has  a  double  unsatu¬ 
rated  or  acetylene  type  of  bond,  is  a  strongly  progestational  com¬ 
pound  (Emmens  and  Parkes,  1939),  but  it  did  not  produce  any  de¬ 
crease  in  the  size  of  the  adrenals. 
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SUMMARY 

Desoxycorticosterone  acetate  and  progesterone  in  a  dosage  of  5 
mg.  daily  and  testosterone  propionate,  methyl  testosterone  and  17- 
vinyl  testosterone  in  a  dosage  of  2.5  mg.  daily  for  20  days,  caused  a 
significant  decrease  in  the  adrenal  weight  of  female  rats. 

Testosterone  propionate  and  17-methyl  testosterone  caused  a 
decrease  in  the  cholesterol  concentration,  while  progesterone,  desoxy¬ 
corticosterone  acetate  and  17-vinyl  testosterone  in  large  doses  caused 
a  slight  rise  in  the  cholesterol  concentration  and  hypophysectomy 
caused  a  marked  increase  in  the  cholesterol  concentration  of  the 
adrenals. 

Although  the  adrenal  atrophy  produced  by  17-vinyl  testosterone 
was  more  striking  in  females  than  males,  the  effect  was  not  diminished 
by  ovariectomy  or  orchidectomy. 
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THE  DEVELOPMENT  OF  A  REFRACTORY  STATE 
TO  ADRENOCORTICOTROPHIC  HORMONE^ 

GILBERT  L.  GORDON 

From  the  Departments  of  Internal  Medicine  and  Physiological  Chemistry, 
Yale  University  School  of  Medicine 

NEW  HAVEN,  CONN. 

In  view  of  current  interest  in  adrenocorticotrophic  hormone 
(ACTH)  and  its  widespread  experimental  use  in  the  clinic  and  labora¬ 
tory,  it  seemed  pertinent  to  determine  whether  animals  remain  respon¬ 
sive  or  become  refractory  to  repeated  injections  of  this  substance. 

Interest  in  the  development  of  “antihormones”  dates  to  the  work 
of  Collip  and  Anderson  (1934).  It  is  now  well-known  that  the  injection 
of  pituitary  thyrotrophic  hormone  or  the  gonadotrophic  hormones  of 
the  pituitary  or  of  the  chorionic  tissues  readily  induces  in  animals  of 
heterologous  species  a  refractory  state  associated  with  demonstrable 
antihormones  in  the  serum.  Similar,  though  less  well-established, 
evidence  has  been  presented  concerning  almost  every  principle 
elaborated  by  the  anterior  pituitarj% 

Although  the  nature  of  the  antihormones  has  not  been  definitely 
established,  most  of  the  evidence  suggests  that  they  behave,  for  the 
most  part,  as  antibodies.  Thus,  it  has  been  shown  that  (1)  certain 
of  the  trophic  hormones  of  the  pituitary  and  chorion  call  forth  comple¬ 
ment-fixing  and  precipitating  antibodies  (Van  den  Ende,  1939)  as 
well  as  antihormones  and  may  be  considered  true  antigens;  (2)  de- 
naturation  may  abolish  the  physiologic  effect  of  the  hormone  but  leave 
the  antigenicity  relatively  intact  (Bischoff,  1948) ;  (3)  rate  of  loss  of 
antihormone  activity  in  vivo  (Chance,  1940)  as  well  as  time  relation¬ 
ships  of  hormone-antihormone  union  (Wolfe,  Meyer  and  McShan, 
1945)  are  typical  of  antibody;  (4)  antihormones  are  not  called  forth 
by  homologous  extracts  (Smith,  1930)  nor  do  they  appear  in  para¬ 
biotic  animals  with  prolonged  pituitary  hyperactivity  (DuShane, 
Levine,  Pfeiffer  and  Witschi,  1935);  (5)  the  site  of  production  of  anti¬ 
hormones  as  well  as  antibodies  is  the  reticulo-endothelial  system 
(Gordon,  Kleinberg  and  Charipper,  1939);  (6)  the  changes  in  anti¬ 
hormone  species-specificity  are  compatible  with  immunological  con¬ 
cepts;  and  (7)  the  antihormones  reside  in  the  globulin  fraction  of  the 
serum  (Harington  and  Rowlands,  1937)  and  have  a  humoral  action, 
no  endocrine  organ  playing  a  necessary  role  (Bachman,  Collip  and 

Received  for  publication  October  3,  1949. 
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Selye,  1934).  Those  investigators  who  believe  that  antihormones  are 
not  true  antibodies  point  to  the  fact  that  precipitin  titer  is  often  not 
correlated  with  serum  antihormone  activity  (Meyer  and  Gustus, 
1935;  Meyer  and  Wolfe,  1939;  Gustus,  Meyer  and  Dingle,  1935) ;  they 
suggest  that  the  antibodies  demonstrable  in  vitro  are  due  to  impurities 
in  the  antigen  preparation.  Certain  non-protein  hormones  have  given 
rise  to  antihormones  (Hartman,  I^ewis  and  Gabriel,  1940);  these 
probably  act  as  haptenes,  and  are  therefore  not  strictly  comparable. 
The  review  of  Thompson  (1941)  summarizes  in  detail  the  literature 
to  that  date. 

Until  recently,  the  hormone  preparations  used  as  antigens  have 
of  necessity  been  impure  to  varying  degree.  The  use  of  the  more  crude 
extracts  is  associated  with  increased  antihormone-producing  power  in 
some  studies  (Rowlands  and  Young,  1939;  Leathern  and  Abarbanel, 
1943)  and  with  decreased  power  in  others  (Gordon,  Levenstein  and 
Charipper,  1940;  McShan,  Wolfe  and  Meyer,  1943).  The  advantages  of 
studying  a  pure  and  homogeneous  trophic  hormone  of  the  pituitary 
are  obvious. 

Sayers,  Sayers,  Liang  and  Long  (1946)  have  shown  that  the  ad¬ 
ministration  of  ACTH  to  the  rat  is  followed  by  a  temporary  decrease 
in  the  adrenal  ascorbic  acid  and  cholesterol.  There  is  suggestive 
evidence  that  the  cholesterol  and  ascorbic  acid  depletion  are  temporal¬ 
ly  related  to  elaboration  and  release  of  steroid  hormones  from  the 
adrenal  cortex  (Long,  1947).  Under  suitable  conditions,  the  degree 
of  adrenal  ascorbic  acid  depletion,  maximal  and  constant  at  1  to  3 
hours,  is  a  function  of  the  dose  of  ACTH  administered  (Sayers,  Sayers 
and  Woodbury,  1948).  In  the  present  study,  ACTH  physiologic 
activity  is  measured  in  terms  of  adrenal  ascorbic  acid  depletion. 

The  pupose  of  the  present  study  was  to  investigate  (1)  the  re¬ 
sponse  of  the  rat  adrenal  to  long-term  ACTH  injection  and  (2)  the 
development  of  an  antihormone  in  the  serum  of  the  injected  rat, 
demonstrable  in  vivo  and  in  vitro. 

MATERIALS  AND  METHODS 

Animals.  Sprague-Dawley  male  rats,  28  days  of  age,  were  used  for  the 
ACTH  injections  after  a  one  week  observation  period;  poor  weight-gainers 
were  discarded.  Hypophysectomized  male  rats^  of  the  Sprague-Dawley 
strain  were  used  to*  study  the  biological  activity  of  the  antihormone  to 
ACTH.  They  weighed  140  to  160  gm.  at  the  time  of  hypophysectomy  (done 
by  the  parapharyngeal  approach).  Completeness  of  hypophysectomy  was 
judged  by  atrophy  of  the  gonads,  failure  to  gain  weight,  and  direct  examina¬ 
tion  of  the  sella  at  the  time  of  autopsy.  All  animals  were  maintained  at  an 
environmental  temperature  of  77°F.  throughout,  and  were  fed  Purina 
Laboratory  Chow  and  water  ad  libitum. 

Hormone  Preparation.  ACTH  preparation  41-L-3  was  prepared  by  the 

*  Some  of  the  hypophysectomies  were  done  by  Dr.  Jane  A.  Russell. 
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Armour  Laboratories®  from  hog  pituitary  glands  by  a  modification  of  the 
method  of  Sayers,  White  and  Long  (1943) ;  the  method  precludes  appreciable 
contamination  with  thyrotrophic,  gonadotrophic  or  growth  hormone.  This 
preparation  was  said  to  have  an  ACTH  activity  of  35%  of  the  Armour 
Standard  Preparation  La-l-A^,  an  oxytocic  activity  of  0.04  units/mg.,®  and  a 
pressor  activity  of  0.04  units/mg.® 

ACTH  powder  was  stored  in  vacito  over  CaCL.  Every  7  days,  sufficient 
material  for  the  week’s  injections  was  dissolved  in  0.85%  NaCl,  neutralized 
with  0.1  N  NaOH.  Aliquots  of  the  solution  were  kept  in  the  frozen  state 
and  thawed  at  room  temperature  immediately  prior  to  injection. 

Protocol  of  Injection.  Group  I:  At  the  onset  of  the  experiment,  28  rats 
received  intraperitoneally  1  mg.  ACTH  (in  0.2  ml.)  four  times  weekly. 
Group  II:  24  rats  received  0.2  ml.  0.85%  NaCl  intraperitoneally  on  the  same 
schedule.  At  the  end  of  each  week,  three  or  four  rats  from  each  group  were 
adrenalectomized  and  sacrificed;  thus,  the  last  rats  of  each  group  to  be 
adrenalectomized  had  received  injections  for  7  vv'eeks.  At  the  end  of  weeks  1, 
2,  4  and  6,  four  rats  from  Group  I  and  three  rats  from  Group  II  were  weighed, 
adrenalectomized,  and  exsanguinated  24  hours  after  their  last  injection.  One 
rat  from  each  group  was  similarly  treated  at  the  end  of  weeks  3,  5  and  7. 
At  the  end  of  week  3,  24  hours  after  their  last  injection,  three  rats  from  each 
group  were  weighed  and  given  a  test  injection  intraperitoneally  of  25  Mg- 
ACTH/100  gm.  body  weight  (in  0.08  to  0.1  ml.);  the  rats  were  adrenalec¬ 
tomized  and  exsanguinated  one  hour  after  receiving  the  injections.  At  the 
end  of  weeks  5  and  7,  the  week  3  regime  was  duplicated  except  that  the  test 
dose  was  40  Mg-  ACTH/100  gm.  body  weight  (in  0.15  to  0.25  ml.).  Group 
III :  Three  rats  received  0.1  mg.  ACTH  (in  0.15  ml.)  four  times  weekly  for 
weeks.  They  were  exsanguinated  two  weeks  after  the  last  injection. 

Experimental  Procedure.  At  the  times  indicated,  the  animals  were 
anesthetized  with  nembutal  intraperitoneally.  The  left  adrenal  was  removed 
but  left  in  the  peritoneal  cavity  to  prevent  drying  while  the  right  adrenal 
was  removed;  elapsed  time  between  abdominal  incision  and  removal  of  the 
right  adrenal  never  exceeded  4  minutes.  Each  adrenal  was  transferred  to 
filter  paper,  dissected  free  of  fat  and  connective  tissue,  weighed  to  the 
nearest  0.1  mg.,  and  analyzed  in  duplicate  for  ascorbic  acid  by  the  method 
of  Roe  and  Keuther  (1943)  which  determines  total  ascorbic  acid.  The  values 
for  the  right  and  left  adrenals  were  averaged  to  give  the  level  for  each  rat ; 
in  no  case  did  the  difference  exceed  35  mg./ 100  gm.  of  gland. 

Following  adrenalectomy  the  rats  were  exsanguinated  by  aortic  punc¬ 
ture.  The  blood  was  allowed  to  clot  at  room  temperature  and  the  serum  im¬ 
mediately  separated  by  centrifugation.  The  sera  to  be  used  for  the  in  vitro 
antibody  tests  were  refrigerated  until  needed  (120  hours  or  less).  The  sera 
to  be  used  for  the  in  vivo  antihormone  tests  were  pooled  and  stored  in  the 
frozen  state  until  needed. 

Biological  Assay  Method.  Six  hypophysectomized  rats  were  given  serum 

*  The  ACTH  was  obtained  through  the  courtesy  of  Dr.  Edwin  E.  Hays,  The 
Armour  Laboratories,  Chicago,  Illinois. 

*  4  ng.  of  the  reference  standard  (Armour  La,-1-A)  administered  intravenously  to 
hypophysectomized  rats  induces  a  20  to  30  per  cent  decrease  in  adrenal  ascorbic  acid 
content  by  the  method  of  Sayers,  Sayers  and  Woodbury  (1948). 

*  Guinea  pig  uterine  strip  method. 

*  Rooster  blood  pressure  method. 
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from  the  Group  I  rats  which  had  received  6  or  7  weeks  of  ACTH  injections; 
six  were  given  “control”  serum  from  the  Group  II  rats;  two  were  given 
serum  from  the  Group  III  rats.  Each  was  injected  intraperitoneally  as 
follows:  Day  1:  0.25  ml.  serum;  Day  2:  0.25  ml.  serum;  Day  3:  0.50  ml. 
serum.  Four  to  six  hours  after  the  last  serum  injection,  each  rat  received  an 
intraperitoneal  injection  of  60  Mg-  ACTH/ 100  gm.  body  weight  (in  0.35  to 
0.45  ml.)  after  the  removal  for  assay  of  the  left  adrenal.  One  hour  later  the 
right  adrenal  was  removed  for  assay.  Duplicate  ascorbic  acid  determinations 
on  each  gland  were  done  as  described;  response  to  the  test  dose  was  judged 
by  the  difference  between  the  left  and  right  adrenals. 

Serological  Method.  Weekly  precipitin  tests  were  carried  out  in  which 
ACTH  in  solution  was  used  as  antigen.  Sera  from  all  four  treated  (Group  I) 
rats  and  2  of  the  control  (Group  II)  rats  were  tested  individually  each  week; 
serum  from  the  Group  III  rats  was  also  tested.  When  needed,  the  serum  was 
allowed  to  thaw  at  room  temperature.  0.3  ml.  portions  of  each  serum  to  be 
tested  were  placed  in  serological  test  tubes  in  triplicate.  To  the  first  tube 
0.1  ml.  of  0.85%  NaCl  containing  0.001  mg.  ACTH  was  added  daily  for  5 
days  if  no  macroscopic  precipitate  was  visible.  To  the  second  tube  0.1  ml.  of 
0.85%  NaCl  containing  0.01  mg.  ACTH  was  added  daily  for  2  days  if  no 
macroscopic  precipitate  was  visible.  To  the  third  tube  no  antigen  was  added. 
(The  ACTH  concentrations  were  selected  to  cover  a  range  from  0.003  to 
0.06  mg.  antigen  per  ml.  antiserum).  All  tubes  were  kept  at  4°C.  for  the 
duration  of  the  experiment.  Tubes  were  read  as  negative  on  the  fifth  day  if 
no  macroscopic  precipitate  was  visible  after  centrifuging  at  1000  R.P.M.  for 
5  minutes. 

RESULTS 

1.  The  response  of  the  rat  adrenal  to  long-term  ACTH  injection. 

It  is  known  that  following  the  initial  adrenal  ascorbic  acid  de¬ 
pletion  after  a  single  ACTH  injection,  a  rebound  effect  ensues  where¬ 
by  the  ascorbic  acid  level  12  to  24  hours  post-injection  exceeds  the 
pre-injection  level.  In  Table  1  are  summarized  the  weekly  adrenal 
ascorbic  acid  values  24  hours  after  the  rats  receive  their  last  injection. 
After  one  to  two  weeks  of  ACTH  injections,  the  “resting”  adrenal 
ascorbic  acid  level  is  significantly  higher  in  the  rats  receiving  ACTH. 
At  the  end  of  weeks  4  and  6,  the  difference  is  not  statistically  sig- 


Table  1.  The  effect  in  normal  bats  of  repeated  injections  of  ACTH  on  the 
ADRENAL  ASCORBIC  ACID  CONTENT  24  HOURS  AFTER  THE  LAST  INJECTION 

(Averages  and  standard  errors;  figures  in  parentheses  represent  number  of  rats) 


Week 

Adrenal  ascorbic  acid 

in  mg./lOO  gm.  gland 

P  value 

Group  I  (ACTH) 

Group  II  (SaUne) 

1 

411111.6(4) 

373113.5(3) 

2 

484110.0  (4) 

441111.6(3) 

<0.05 

3 

460  (1) 

432  (1) 

4 

4471  9.4(3) 

4211  9.4(3) 

5 

448  (1) 

428  (1) 

6 

419113.0(4) 

411115.6(3) 

>0.50 

7 

430  (1) 

430  (1) 
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nificant;  it  is  not  possible  definitely  to  ascribe  this  phenomenon  to  a 
refractoriness  to  ACTH,  inasmuch  as  the  injected  dose  of  4  mg. 
weekly  remained  constant  in  rats  which  were  steadily  growing.  The 
relatively  lower  values  in  each  group  at  the  end  of  one  week  of  injec- 


Fig.  1.  The  efifect  in  normal  rats  of  repeated  injections  of  ACTH  on  the 
adrenal  ascorbic  acid  depletion  one  hour  after  a  test  dose  of  ACTH. 

tion  may  possibly  be  ascribed  to  the  young  age  of  the  rats  (40  days) 
at  that  time. 

The  response  of  the  rats  to  the  acute  test  dose  of  ACTH  at  the 
end  of  weeks  3,  5  and  7  can  best  be  analyzed  if  all  the  “resting” 
adrenal  ascorbic  acid  values  for  each  group  in  weeks  2  through  7  be 
treated  as  a  linear  regression,  thereby  yielding  a  calculated  resting 
value  for  each  group  at  weeks  3,  5  and  7.  This  is  done  in  Figure  1. 
The  ACTH-injected  rats  respond  with  diminishing  vigor  to  a  test 
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dose  of  ACTH  which  consistently  depletes  the  adrenal  ascorbic  acid 
of  the  saline-injected  rats.  Indeed,  the  response  of  the  Group  I  rats 
to  the  week  7  test  dose  must  be  regarded  as  negligible  since  the  adrenal 
ascorbic  acid  level  after  the  test  dose  is  not  significantly  lower  than 
the  calculated  “resting”  level  for  that  week  (Table  2). 

The  effects  of  long-term  ACTH  injection  upon  the  adrenal  weight 
and  body  weight  of  the  rat  are  indicated  in  Table  3.  The  adrenals  of 
the  Group  I  (ACTH)  rats  were  consistently  heavier  than  those  of 
the  Group  II  (saline)  rats.  Even  after  6  and  7  weeks  of  injections,  the 

Table  3.  The  effect  in  normal  rats  of  repeated  injections  of  ACTH 

ON  THE  ADRENAL  WEIGHT  AND  BODY  WEIGHT 
(Averages  and  standard  errors;  figures  in  parentheses  represent  number  of  rats) 


Week 

Paired  adrenal  weights  in  mg. 

Body  weight  in  gm. 

Group  I 
(ACTH) 

Group  II 
(saline) 

P 

value 

Group  I 
(ACIHI) 

Group  II 
(saline) 

1 

25.1+0.7(4) 

22.2  ±0.8  (3) 

<0.05 

130  ±  2.7(4) 

137 ±  3.1  (3) 

2 

27.2  ±0.8  (4) 

22.5  ±0.9  (3) 

<0.01 

163  ±  2.3(4) 

155  ±  2.7(3) 

3 

32.9  +  1.9  (4) 

26. 4  ±1.9  (4) 

<0.05 

193  ±  2.2  (4) 

196 ±  2.2  (4) 

4 

36.3±1.7(3) 

31.6±1.7(3) 

0.11 

236  ±  7.0  (3) 

237 ±  7.0  (3) 

5 

36. 6  ±1.4  (4) 

32.4  +  1 .4  (4) 

0.08 

230  ±  5.8(4) 

249 ±  5.8(4) 

6 

38.1  ±1.1  (4) 

31.0  ±1.2  (3) 

<0.01 

283  ±  7.4(4) 

269  ±  8.5(3) 

7 

44. 7 ±1.2  (4) 

36.0  ±1.2  (4) 

<0.01 

278 ±10.4  (4) 

284  ±10.4  (4) 

difference  is  highly  significant.  One  notes  that  the  effect  of  long-term 
ACTH  injection  on  adrenal  ascorbic  acid  concentration  (Table  1) 
differs  from  its  effect  on  adrenal  weight.  White  (1944)  has  indicated 
that  the  quantity  of  ACTH  causing  a  perceptible  increase  in  the 
adrenal  weight  of  the  hypophysectomized  rat  is  less  than  that  required 
to  maintain  a  normal  concentration  of  adrenal  cholesterol. 

There  is  no  consistent  difference  in  body  weight  between  the 
Group  I  and  Group  II  rats;  for  no  week  is  the  p  value  statistically 
significant.  This  small  series  therefore  fails  to  corroborate,  at  the 
dosage  level  used,  the  finding  of  Evans,  Simpson  and  Li  (1943)  that 
pure  ACTH  inhibits  the  growth  of  young  male  rats. 

2.  The  demonstration  of  antihormone  in  the  serum  of  rats  receiving 
long-term  ACTH  injection. 

(a).  ACTH -neutralizing  properties 

Hypophysectomized  test  rats  were  given  a  dose  of  60  jug. 
ACTH/100  gm.  body  w  eight.  They  had  previously  received  injections 
of  serum  from  rats  of  Group  I,  II  or  III.  The  results  appear  in  Table  4. 
The  serum  from  Group  I  rats  consistently  diminished  the  adrenal 
ascorbic  acid  depletion  normally  produced  in  the  hypophysectomized 
rat  by  ACTH.  The  same  test  dose  of  ACTH  resulted  in  a  marked 
depletion  of  adrenal  ascorbic  acid  in  hypophysectomized  rats  pre¬ 
treated  either  with  normal  serum  (Group  II)  or  with  serum  from 
animals  who  had  received  a  small  amount  of  ACTH  (Group  III). 
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Table  4.  The  effect  in  hypophysectomized  hats  of  ‘‘anti-ACTH’'  serum  on  the 

ADRENAL  ASCORBIC  ACID  DEPLETION  ONE  HOUR  AFTER  A  TEST  DOSE*  OF  ACTH 


Adrenal  ascorbic  acid  in  mg./lOO  gm.  gland 


Rats 

Pretreatment  with 
group  I  serum 

Pretreatment  with 
group  II  serum 

Pietreatment  with 
group  III  serum 

Left 

Right 

Difference 

Left 

Right 

Difference 

Left 

Right 

Difference 

1  through  et 

469 

366 

ia3  (22%) 

422 

214 

208  (50%) 

495 

270 

225  (46%) 

434 

313 

121  (28%) 

461 

261 

200  (44%) 

439 

223 

216  (49%) 

7  through  141 

337 

283 

54  (16%) 

322 

241 

81  (25%) 

332 

272 

60  (18%) 

362 

246 

116  (32%) 

324 

275 

49  (15%) 

347 

250 

97  (28%) 

363 

316 

47(13%) 

353 

268 

85  (24%) . 

*  60  w?  ACTH/100  gm.  body  weight, 
t  Hypophysectomi*^  3  days  previously, 
t  H3rpophy8ectomixed  10  days  previously. 


(6).  Precipitin-producing  properties 

Attempts  to  demonstrate  precipitating  antibodies  in  vitro  witli 
the  technique  described  were  uniformly  unsuccessful.  A  possible 
explanation  is  the  fact  that  the  Group  I  rats  were  sacrificed  either  24 
hours  or  1  hour  following  an  injection  of  ACTH.  It  is  known  that  a 
“negative  phase”  follows  the  administration  of  antigen  or  hormone, 
during  which  period  demonstrable  antibody  or  antihormone  dimin¬ 
ishes  markedly;  in  the  studies  of  Wolfe,  Meyer  and  McShan  (1945), 
the  negative  phase  for  antigonadotrophin  persisted  for  about  48 
hours.  That  the  hormone-neutralizing  effect  was  more  easily  demon¬ 
strable  than  the  precipitin-producing  effect  in  the  present  study  is  in 
general  agreement  with  the  findings  of  most  other  workers. 

Although  the  Group  III  rats  w^ere  sacrificed  at  a  time  when  the 
negative  phase  was  not  a  factor,  they  received  only  2.8  mg.  ACTH  in 
toto.  That  they  failed  to  develop  either  hormone-neutralizing  anti¬ 
hormone  or  precipitating  antihormone  indicates  that  the  hormone 
dose  employed  in  this  group  was  too  low  to  be  effective. 

DISCUSSION 

The  data  pertaining  to  refractoriness  to  adrenocorticotrophic 
hormone  are  scant.  Thompson  and  Cushing  (1934)  postulate  its 
presence  in  one  of  their  puppies,  though  the  extract  used  was  a  crude 
one.  Anderson,  Page  and  Li  (1947)  found  that  continued  ACTH 
injection  re-elevated  only  temporarily  the  post-hypophysectomy 
blood  pressure  of  rats  with  renal  hypertension.  During  the  preparation 
of  this  manuscript.  Chase  (1949)  reported  that  pure  ACTH  produced 
in  mice  an  antihormone  which  prevented  the  normal  ACTH-induced 
increase  in  adrenal  weight  in  the  rat  and  which  could  be  demonstrated 
serologically  by  both  precipitin  and  collodion  particle  agglutinin 
techniques;  the  serological  activity  of  the  antiserum  could  be  cor¬ 
related  wdth  its  biological  activity.  Larger  quantities  of  ACTH  than 
in  the  present  study  were  used  by  Chase,  both  in  vitro  and  in  vivo, 
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perhaps  accounting  for  her  successful  demonstration  of  precipitating 
antibodies. 

In  a  recent  report,  Hench,  Kendall,  Slocumb  and  Polley  (1949) 
note  that  the  striking  remission  in  the  signs  and  symptoms  of  rheuma¬ 
toid  arthritis  produced  by  Compound  E  or  ACTH  requires  the  con¬ 
tinued  administration  of  either  hormone.  The  clinical  implications 
of  the  development  of  an  antihormone  to  ACTH  are  obvious.  Long¬ 
term  therapy  may  become  decreasingly  effective,  as  is  the  case  with 
some  of  the  gonadotrophic  preparations  used  clinically  (Leathern, 
1944). 

The  rats  in  the  present  study  became  refractory  to  ACTH  while 
receiving  doses  which  diminished  from  approximately  10  to  5  mg.  of 
ACTH  per  kg.  of  body  weight  per  week  (expressed  in  terms  of  the 
Armour  Standard).  This  occurred  despite  the  fact  that  the  rat, 
particularly  the  young  one  (Gordon,  Levenstein  and  Charipper,  1939), 
does  not  produce  antibody  as  well  as  many  other  laboratory  animals, 
and  that  antihormone  probably  forms  less  readily  with  intraperitoneal 
than  with  subcutaneous  hormone  injection  (Leathern,  1947).  A  70  kg. 
patient,  receiving  the  100  mg.  of  ACTH  per  day  recommended  by 
Hench  (1949)  for  the  treatment  of  rheumatoid  arthritis,  receives 
approximately  10  mg.  of  ACTH  per  kg.  of  body  weight  per  week. 
Recently,  Leathern  (1949)  has  found  that  the  serum  from  a  patient 
who  had  received  less  than  1500  mg.  ACTH  inhibited  in  the  rat 
the  (histologically  determined)  lipid  depletion  of  the  adrenal  normally 
produced  by  ACTH. 

It  has  long  been  known  that  continued  injection  of  pituitary 
extracts  from  heterologous  species  may  render  animals  refractory  to 
their  own  pituitary  hormones,  with  subsequent  atrophy  of  the 
“target”  glands  (Bachman,  Collip  and  Selye,  1934) ;  Severinghaus  and 
Thompson  (1939)  found  that  the  hjrpophyses  of  dogs  long  refractory 
to  a  crude  pituitary  extract  had  all  the  changes  characteristic  of 
castration,  of  thyroidectomy,  and  possibly  of  adrenalectomy.  Al¬ 
though  the  question  of  suppression  of  endogenous  ACTH  was  not 
studied  in  the  present  relatively  short-term  experiment,  one  might 
speculate  as  to  the  possible  effect  of  antihormone  on  the  pituitary- 
adrenal  system  of  a  refractory  animal  or  patient  who  continues  to 
receive  heterologous  ACTH. 


SUMMARY 

Rats  receiving  repeated  injections  of  purified  hog  ACTH  gradually 
became  refractory  to  a  test  dose  of  the  liormone  which  depleted 
consistently  the  adrenal  ascorbic  acid  concentration  of  control  rats. 
After  seven  weeks  of  ACTH  injections,  their  response  to  the  test  dose 
was  negligible.  Serum  from  such  rats  contained  a  substance  which 
consistently  diminished  the  adrenal  ascorbic  acid  depletion  normally 
produced  in  the  hypophysectomized  rat  by  ACTH.  Activity  of  the 
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antiserum  was  not  demonstrable  in  vitro  by  the  precipitin  technique 
employed. 

On  a  body  weight  basis,  the  dosage  level  of  ACTH  producing  the 
refractory  state  in  rats  is  comparable  to  that  which  has  been  used  in 
man  in  the  treatment  of  rheumatoid  arthritis.  Some  possible  implica¬ 
tions  of  this  finding  are  discussed. 
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A  NEURAL  TIMING  FACTOR  IN  THE  MECHANISM 
BY  WHICH  PROGESTERONE  ADVANCES 
OVULATION  IN  THE  CYCLIC  RAT 
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DURHAM,  NORTH  CAROLINA 
INTRODUCTION 

Under  certain  conditions  progesterone  will  advance  ovulation  in 
cyclic  rats  about  24  hours  (Everett,  1944a,  1948).  This  result  occurs, 
not  in  4-day  cycles,  but  very  regularly  in  5-day  cycles  when  proges¬ 
terone  is  administered  about  noon  on  the  third  day  of  diestrus. 
Various  reasons  were  presented  (1948)  for  concluding  that  this  effect 
is  brought  about  indirectly  through  the  hypophysis  by  inducing  the 
release  of  luteinizing  hormone  (or  total  gonadotrophin). ‘ 

Independent  observations  have  been  made  by  Fraps  and  Dury 
(1943)  that  in  the  domestic  hen  progesterone  administration  will 
advance  ovulation  several  hours.  More  recent  evidence  (Rothchild 
and  Fraps,  1949)  shows  that  this  process,  like  that  in  rats,  requires 
the  presence  of  the  hypophysis.  Their  findings  indicate,  furthermore, 
that  a  direct  time  relationship  exists  between  the  hour  of  progesterone 
injection  and  the  hour  of  response,  release  of  the  “ovulating  hormone” 
occurring  about  4  hours  after  the  injection  of  progesterone. 

A  recent  study  in  this  laboratory  (Everett,  Sawyer  and  Markee, 
1949)  demonstrated  that  in  4-day  cyclic  rats,  in  our  colony,  the  ovula¬ 
ting  discharge  of  “LH”  is  controlled  by  neurogenic  stimulation  which 
reaches  the  gland  between  2  and  4  p.m.  on  the  day  of  proestrus. 
Injection  of  Dibenamine  (N,  N-dibenzyl-j3-chloroethylamine)  at 
2  P.M.  or  earlier  usually  blocked  or  partially  blocked  the  stimulus  for 
LH  release,  while  injection  at  4  p.m.  or  later  rarely  interfered.  Simi¬ 
larly,  atropine  injected  at  2  p.m.  or  earlier  blocked  the  stimulus  but 
did  not  block  when  injected  at  4  p.m. 

It  was  of  considerable  interest  to  learn  whether  a  neural  factor  is 
involved  in  the  hypophyseal  liberation  of  LH  in  response  to  proges¬ 
terone.  This  appeared  quite  likely  since  Sawyer,  Everett  and  Markee 
(1949)  had  demonstrated  that  LH  release  in  response  to  estrogen  may 
be  blocked  by  either  Dibenamine  or  atropine.  The  initial  experiments 

Received  for  publication  October  14,  1949. 

‘  There  is  no  certainty  that  the  hormone  released  is  only  LH  (ICSH).  It  is,  however, 
simpler  to  say  “LH  release”  than  “release  of  whatever  hypophyseal  hormones  are 
essential  for  ovulation,”  our  full  meaning.  “LH  release,”  “LH  discharge,”  “LH- 
release  apparatus”  and  similar  expressions  will  be  employed  freely  in  this  sense. 
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presented  below  demonstrate  that  these  agents  will  also  prevent  the 
response  to  progesterone. 

A  second  question,  and  the  principal  one  with  wliich  the  remaining 
experiments  are  concerned,  is  the  question  of  timing;  Does  pituitary 
activation  in  response  to  progesterone  occur  at  a  uniform  interval 
after  injection  or  is  it  confined  to  certain  hours  of  the  day  independent 
of  the  injection  time? 

MATERIAL  AND  METHODS 

Altogether,  137  adult  female  rats  of  the  Vanderbilt  (Osborne-Mendel) 
strain  are  represented  in  the  several  experimental  series.  These  were  vari- 


Fia.  1.  (Modified  from  Everett,  1948)  A.  The  standard  5-day  cycle,  numbered 
from  the  first  day  of  diestrus.  Proestrus  represented  by  1  unit  on  the  ordinate,  full 
vaginal  estrus  by  2  units.  Each  unit  of  the  abscissa  represents  1  day.  Ovulation  time 
represented  by  “X”  after  midnight  following  proestrus.  B.  Artificial  5-day  cycle  pro¬ 
duced  in  a  4-day  cyclic  rat  by  progesterone  (p)  injected  on  the  first  day  of  diestrus. 
Dotted  line  represents  the  retarded  vaginal  smear  sequence.  Ovulation  delayed  about 
24  hours,  the  shift  being  indicated  by  the  arrow.  C  and  D.  Advancement  of  ovulation 
in  natural  or  artificial  5-day  cycles,  resp.,  by  progesterone  injected  on  diestrus  day  3. 
Arrows  indicate  the  shift  in  ovulation  time  caused  by  this  treatment.  Broken  line  shows 
vaginal  smear  sequence  thus  induced. 

ously  members  of  the  substrains  Va  and  Vc  (cf.  Everett,  1948).  Although 
most  of  the  former  were  fundamentally  4-day  cyclic  animals,  the  expieri- 
mental  cycle  in  each  such  case  was  transformed  to  a  5-day  cycle  by  the  in¬ 
jection  of  2  mg.  of  progesterone  on  the  first  day  of  diestrus  (Everett,  1948) 
as  represented  in  figure  1,  C  and  D.  In  one  critical  expieriment  to  be  men¬ 
tioned  later  (in  Series  III)  we  established  that  the  chronology  of  events  is 
closely  similar  in  both  the  natural  and  artificial  5-day  cycle.  As  the  Va  stock 
was  more  readily  available  we  employed  the  latter  almost  exclusively  in 
Series  IV. 

We  have  previously  described  in  considerable  detail  our  laboratory  rou¬ 
tine  of  determining  regularity  of  cycles  by  the  vaginal  smear  method 
(Everett,  1948;  Everett,  Sawyer  and  Markee,  1949).  Likewise,  the  day-by- 
day  changes  of  the  vaginal  smear  characteristic,  resp)ectively,  of  the  4-day 
and  5-day  cycles  in  our  stock  have  been  elucidated  elsewhere  (Everett, 
1948)  and  will  not  be  rep>eated  here. 
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The  possibility  exists  that  certain  errors  may  result  from  spontaneous 
changes  in  cycle  length,  occurring  in  spite  of  treatment  rather  than  because 
of  it.  In  the  Vc  substrain,  in  which  5-day  cycles  are  the  rule,  after  any  2 
such  cycles  in  succession  there  is  an  observed  4%  frequency  of  spontaneous 
shortening  of  the  next  cycle  to  4  days.  This  error  was  considerably  reduced 
by  avoiding,  with  rare  exception,  the  use  of  animals  in  which  the  vaginal 
leucocyte  population  was  sparse  on  the  morning  of  “diestrus  day  3.”  In  the 
“artificial”  5-day  cycles  a  similar  source  of  error  exists.  In  a  sample  of  57 
four-day  cyclic  Vanderbilt  rats  in  which  1.5  to  2.0  mg.  progesterone  was  in¬ 
jected  on  the  first  day  of  diestrus,  4  cases  (7%)  were  encountered  in  which 
the  treatment  failed  to  prolong  the  cycle. 

The  other  possibility,  that  prolongation  of  the  cycle  to  longer  than  5  days 
might  occur,  has  been  observed  in  6%  of  the  cases  of  Vc  rats  (Everett, 
1948).  We  were  able  to  eliminate  this  error  by  excluding  as  legitimate  ex¬ 
periments  the  few  cases  in  which  the  smear  was  leucocytic  on  the  morning 
of  normally  expected  proestrus.  In  the  artificial  5-day  cycles  in  Va  rats 
9/82  such  instances  were  encountered  and  excluded  on  the  same  grounds. 

The  experiments  fall  into  four  groups:  Series  I. — A  preliminary  series  in 
which  either  Dibenamine  or  atropine  was  administered  immediately  after, 
or  several  hours  before,  the  standard  noon  injection  of  progesterone  on 
diestrus  day  3.  Series  II. — A  small  series  in  which  5-day  cyclic  Vc  females 
were  given  atropine  on  the  day  of  proestrus  at  4  p.m.  for  comparison  with 
4-day  cychc  rats  treated  at  that  hour.  Series  III. — Injection  of  progesterone 
at  different  hours  during  diestrus  day  3  in  5-day  cycles.  Series  IV. — Injec¬ 
tion  of  progesterone  at  certain  hours,  followed  at  various  intervals  by  the 
blocking  dose  of  atropine. 

Autopsies  were  performed  routinely  on  the  day  following  experimental 
treatment,  usually  in  the  morning,  after  8  o’clock.  In  the  cases  (Series  III)  in 
which  progesterone  injection  was  delayed  until  6:30  p.m.,  autopsy  time  was 
delayed  until  after  10  a.m.  Half  of  these  rats,  in  fact,  were  autopsied  in  the 
early  afternoon. 

The  methods  of  examining  the  reproductive  tracts  and  direct  observation 
of  tubal  ova  have  been  detailed  previously  (Everett,  1948;  Everett,  Sawyer 
and  Markee,  1949).  Both  ovaries  were  preserved  in  Zenker’s  fluid  for  paraffin 
imbedding,  serial  sectioning  and  staining  by  our  routine  procedure. 

Progesterone*  was  prepared  from  the  crystals  by  dissolving  in  peanut  oil 
at  a  concentration  of  5  mg./ml.  The  standard  “retarding”  dose  given  on 
diestrus  day  1  (of  4-day  cycles)  was  2  mg.,  injected  subcutaneously.  The 
standard  “ovulating”  dose  on  diestrus  day  3  was  1  mg.  by  the  same  route. 

Dibenamine*  was  administered  as  the  hydrochloride,  prepared  according 
to  the  method  previously  described  (Sawyer,  Everett  and  Markee,  1949), 
in  Ringer-Locke  solution  at  a  concentration  of  10  mg./ml.  This  was  injected 
intravenously,  the  standard  dose  being  30  mg./kg.  Atropine  sulfate  (USP 
XIII,  Merck)  was  made  up  in  Ringer-Locke  solution  at  a  concentration  of 
70  mg./ml.,  the  standard  dose  being  700  mg./kg.  (1  ml./lOO  gm.  body 
weight).  This  amount  was  equally  divided  between  two  subcutaneous  in¬ 
jection  sites. 

*  Progesterone  was  generously  supplied  by  the  Schering  Corporation,  Bloomfield, 
N.  J.  We  are  indebted  to  Dr.  William  Gump  of  Givaudan-Delawanna,  Inc.,  Delawanna, 
N.  J.,  for  the  Dibenamine  hydrochloride. 
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Atropine  was  the  preferred  blocking  agent  to  be  used  in  Series  II  and  IV 
since  Everett,  Sawyer  and  Markee  (1949)  found  that  Dibenamine  under 
optimal  conditions  of  timing  not  infrequently  blocks  only  partially  and  may 
even  fail  entirely.  For  our  present  purposes  it  was  especially  important  to 
know  how  rapidly  the  blocking  action  of  atropine  develops  after  subcutane¬ 
ous  injection.  Five  adult  female  rats  were  given  the  standard  atropine  dose 
and  were  injected  intravenously  10  minutes  later  with  a  known  lethal  dose 
of  a  mixture  of  acetylcholine  (1  mg./kg.)  and  eserine  (0.5  mg. /kg.).  All 
survived  until  they  were  disposed  of  on  the  following  day.  None  of  the  char¬ 
acteristic  signs  of  acetylcholine  intoxication  was  recognized.  Therefore,  there 
is  little  question  that  whenever  this  dose  of  atropine  is  used,  blockade  of 
hypophyseal  stimulation  will  be  practically  immediate.  An  error  of  less  than 
10  minutes  is  of  no  consequence. 

The  hours  of  the  day  as  recorded  below  (and  in  the  allied  papers  cited 
above)  are  in  terms  of  “colony  time.”  Lighting  is  controlled  by  a  time 
switch,  the  length  of  daily  illumination  being  14  hours.  In  terms  of  Eastern 
Standard  Time  the  lights  are  turned  on  at  6  a.m.  and  off  at  8  p.m.  “Colony 
time”  is  thus  one  hour  slow'er  than  standard,  reckoning  “midnight”  as  the 
mid-point  of  the  dark  period. 

EXPERIMENTS  AND  RESULTS 

Series  I 
Preliminary 

It  was  first  necessary  to  determine  whether  Dibenamine  or  atro¬ 
pine  would  prevent  the  advancement  of  ovulation  by  progesterone. 
Ten  5-day  cyclic  Vc  females  were  each  given  progesterone  about  noon 
on  the  third  day  of  diestrus.  In  7  of  the  10  the  progesterone  injection 
was  between  11:55  and  12:10  p.m.;  Dibenamine  w’as  injected  3  to  8 
minutes  later.  At  autopsy  the  next  morning  none  of  the  animals  had 
ovulated.  Histological  study  of  the  ovaries  revealed  no  evidence  of 
preovulatory  swelling  in  2  rats,  1  to  2  follicles  in  early  swelling  in  each 
of  4  rats  and  as  many  as  5  follicles  in  early  swelling  in  the  1  remaining 
rat.  In  the  other  3  of  the  10  animals  Dibenamine  was  injected  at 
8-8:30  A.M.,  followed  by  progesterone  at  11:50-12:45.  None  of  these 
rats  ovulated  overnight;  2  were  completely  blocked,  the  other  at 
autopsy  had  a  single  follicle  in  early  sw’elling  and  a  second  follicle 
wdth  a  small  luteinized  plaque.  There  w^ere  thus  4/10  rats  in  which 
Dibenamine  had  completely  blocked  and  6/10  in  which  the  blocking 
action  was  only  partially  effective. 

Two  preliminary  trials  were  also  made  with  atropine.  Progesterone 
was  given  at  12:05  and  12:35  p.m.,  respectively,  followed  by  atropine 
within  2  minutes.  Neither  animal  ovulated  overnight  and  histological¬ 
ly  the  only  suggestion  of  a  very  minimal  effect  of  LH  was  the  finding 
of  1  atypical  follicle.  Mitoses  were  exceedingly  rare  and  the  parietal 
granulosa  was  quite  disorganized.  Although  showing  a  polar  body  and 
considerable  secretion  of  secondary  liquor  about  the  cumulus,  this 
follicle  was  judged  to  be  atretic. 
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These  preliminary  studies  are  construed  as  evidence  that  the 
ovulatory  discharge  of  gonadotropliic  hormone  in  response  to  proges¬ 
terone  requires  neurohumoral  stimulation. 

Series  II 

Comparison  of  6-day  cyclic  reds  mth  4-day  cyclic  rats  with  respect 
to  critical  hours  of  normal  hypophyseal  stimulation 
during  proestrus 

Our  data  regarding  the  normal  hours  of  stimulation  of  the  hypoph¬ 
ysis  during  proestrus  (Everett,  Sawyer  and  Markee,  1949)  were 
largely  confined  to  4-day  cyclic  rats.  As  of  the  present  writing,  in 
4-day  cyclic  animals  the  accumulated  evidence  with  various  blocking 
agents  indicates  21/27  cases  of  full  stimulation  and  4/27  with  partial 
stimulation  by  4  p.m.  Only  2/27  cases  of  complete  block,  by  Nembutal 
(Everett  and  Sawyer,  1949),  have  been  encountered  after  administer¬ 
ing  blocking  agents  to  4-day  cyclic  rats  at  that  hour.  In  5-day  cyclic 
rats,  however,  a  few  observations  after  injection  of  Dibenamine  even 
later  in  the  day  of  proestrus  suggested  that  in  many  of  these  animals, 
stimulation  of  the  hypophysis  may  be  delayed  beyond  4  p.m.  For 
example,  of  two  5-day  cyclic  females  receiving  Dibenamine  as  late 
as  6:45  p.m.  one  was  partially  blocked. 

This  question  was  tested  more  adequately  by  giving  atropine  to 
9  proestrous  5-day  cyclic  Vc  rats  at  4  p.m.  Only  3  had  fully  ovulated 
before  autopsy  the  following  morning.  In  3  others  partial  blocking 
occurred:  in  2  cases  ovulation  was  in  progress  at  autopsy;  in  the  other 
ovulation  was  imminent,  for  all  follicles  were  in  late  stages  of  swelUng. 
In  the  remaining  3  of  the  9  rats,  complete  block  had  been  accomplished, 
since  no  histological  evidence  of  preovulatory  swelling  was  found. 
Thus  it  is  now  more  definite  that  in  5-day  cyclic  proestrous  rats  the 
ovulatory  stimulation  of  the  hypophysis  is  less  regularly  confined 
within  the  2  to  4  p.m.  period  than  is  true  of  4-day  cyclic  animals. 
The  bearing  of  this  information  on  the  principal  thesis  of  this  paper 
will  be  discussed  later. 

Series  III 

Comparative  effectiveness  of  progesterone  injections  at  various 
hours  of  the  day  {diestrus  day  3) 

The  experiments  of  this  series  are  graphically  presented  in  figure  2. 
It  is  apparent  that  the  injection  of  progesterone  at  any  hour  from 
8  a.m.  to  2  P.M.  on  the  third  day  of  diestrus  will  almost  always  induce 
ovulation  during  the  following  night.  Only  2  failures  (6%)  were 
encountered  among  31  rats  injected  at  these  hours. 

The  group  of  22  animals  injected  at  3  to  4  p.m.  is,  therefore,  of 
particular  interest,  since  about  half  of  them  failed  to  respond.  This 
was  almost  equally  true  among  those  having  natural  5-day  cycles 
(10  rats)  and  those  which  were  potentially  4-day  cyclic  but  in  which 
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the  experimental  cycles  had  been  retarded  by  progesterone  injected 
on  diestrus  day  1  (12  rats).  Among  the  former  10  rats  only  6  ovulated 
overnight,  while  an  additional  rat  had  1  follicle  in  late  swelling.  Among 
the  latter  12  animals  only  5  ov’ulated  before  autopsy  the  morning  after 
treatment.  In  1  of  the  5,  o\Tilation  was  in  progress  at  autopsy,  evidence 
of  partial  stimulation.  There  is  no  significant  difference,  therefore. 


4  6 


Diestrus  Dov  3 

NOON 

8  10  12  2  4  6  8  10  12  2  4 
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,  I^OON  ^  Y  I  ,  - 
6  8  10  12  2  4  6  8 


Normal  Ovulation 
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L 
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— Time  of  autopsy 
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[El*  Progesterone  injection  =  No  ovulation  nor  preovulatory 

swelling 

I.  ■  ...I  =  Partial  effect  - preovulatory 
swelling  or  ovulotion  in 
progress 

I  I  =  Ovulation  complete 

Fig.  2.  Graphic  representation  of  the  relative  effectiveness  of  progesterone,  in¬ 
jected  at  different  hours  of  the  third  day  of  diestrus.  Significantly  lowered  response 
when  delayed  until  3-4  p.m.  No  response  when  delayed  until  6:30  p.m.  Numerals  over 
the  various  segments  of  the  bars  under  “RESULTS”  indicate  the  respective  numbers 
of  rats  represented  by  the  proportional  lengths  of  the  segments.  “Normal  ovulation 
time”  indicated  above  the  time  scale  is  estimated  from  data  in  Series  II. 

between  natural  and  artificial  5-day  cycles,  in  the  number  of  animals 
responding  to  progesterone  after  3  to  4  p.m.  The  grouping  together 
of  data  from  both  varieties  of  5-day  cycles  in  the  other  experimental 
categories  seems  entirely  justified.  (The  perfect  symmetry  of  distri¬ 
bution  shown  for  the  group  as  a  whole  can  hardly  be  taken  seriously 
from  a  statistical  viewpoint,  but  simply  represents  our  actual  obser¬ 
vations.) 

The  remaining  group,  injected  with  progesterone  at  6:30  to  6:45 
P.M.,  comprises  10  cases  among  which  were  7  five-day  cyclic  Vc  rats 
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and  3  Va  rats  “artificial”  o-day  cycles.  None  ovulated  overnight 
and  no  histological  evidence  of  preovulatory  swelling  was  foutid. 
Since  none  was  autopsied  earlier  than  10  a.m.  we  should  have  found 
adv'anced  preovulatory  swelling,  if  not  complete  ovulation,  had  LI  I 
release  been  effected.  This  statement  is  based  on  the  following  con¬ 
siderations;  (1)  Data  from  Series  IV  (below)  show  that  progesterone 
can  induce  full  hypophyseal  stimulation  within  4  hrs.  after  injection, 
under  optimal  conditions.  (2)  From  the  more  tietailed  information  in 
4-day  cyclic  rats  (Everett,  Sawyer  and  Markee,  1949)  we  know  that 
ov’ulation  regularly  occurs  witliin  11  hours  after  full  stimulation  of 
the  hypophy.sis. 

In  addition  to  the  10  definitive  cases  mentioned  in  the  above 
paragraph,  there  were  2  animals  which  we  believe  to  represent  spon¬ 
taneous  advancement  of  ovulation,  not  actually  resulting  from  the 
progesterone  treatment.  Their  new  corpora  lutea,  in  histological 
preparations,  are  judged  to  be  too  far  advanced  to  have  resulted  from 
hypophyseal  stimulation  much  later  than  4  p.m.  Following  proges¬ 
terone  treatment  at  6:30  p.m.  little  stimulation  could  be  expected 
until  the  8:30-10:30  p.m.  interval  (allowing  a  latent  period  of  about 
2  hours  after  injection;  cf.  Series  IV).  Hence,  it  is  highly  probable 
that  their  hypophyses  were  spontaneously  stimulated  before  the 
progesterone  could  have  acted. 

Indications  are  that  at  some  time  late  in  the  afternoon  or  early 
evening  of  the  third  day  of  diestrus  the  5-day  cyclic  rat  becomes 
refractory  to  progesterone.  The  hour  at  which  refractoriness  begins 
varies  considerably  among  different  individuals:  in  some  it  may  begin 
as  early  as  5  p.m.;  in  others  later,  but  probably  not  long  after  8  p.m. 

Series  IV 

Interval  between  progesterone  injection  and  response  as  a  Junction 
of  time  of  day 

A  comparison  was  made  between  corpora  lutea  (from  Series  III) 
induced  by  8  a.m.  injection  of  progesterone  and  those  induced  by 
injection  at  noon  or  2  p.m.,  taken  at  similar  hours  of  autopsy  (figs. 
5  and  6).  These  were  also  compared  with  corpora  lutea  in  4-day 
cyclic  rats  autopsied  at  comparable  hours  (figs.  3  and  4).  None  of  the 
progesterone-induced  corpora  was  more  advanced  than  the  latter. 
This  suggested  that  the  early  injection  of  progesterone  may  not  result 
in  proportionately  early  .stimulation  of  the  hypophy.sis. 

The  use  of  atropine  as  a  dependable  agent  for  blocking  neuro- 
humoral  stimulation  of  the  pituitary  gland  afforded  a  means  of  testing 
this  possibility.  By  injection  of  progesterone  early  or  late  and  by  in¬ 
jecting  atropine  at  varying  intervals  afterward,  we  found  clear 
evidence  that  hypophyseal  stimulation  in  response  to  progesterone 
is  a  function  of  the  time  of  day  and  that  it  is  not  primarily  related  to 
the  hour  of  progesterone  administration. 
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P'iGS.  3  and  4.  New  corpora  lutca  in  ovaries  of  4-day  cyclic  rats  at  8  a.m.  and  10:30 
A.M.,  resp.,  on  the  morning  after  ovulation.  SOX. 

P'lG.  5.  Progesterone-induced  corpus  luteum  found  at  8  a.m.  on  the  morning  after 
ovulation.  Progesterone  injected  exactly  24  hours  earlier,  on  diestrus  day  3.  Note 
similarity  to  fig.  3.  SOX. 

P'lG.  6.  Progesterone-induced  corpus  luteum  found  at  10:30  a.m.  on  the  morning 
after  ovulation.  Injection  at  2  p.m.  on  the  preceding  afternoon,  on  diestrus  day  3.  Note 
similarity  to  fig.  4.  SOX. 

Nine  rats  received  progesterone  at  8  a.m.  on  diestrus  day  3  and 
were  atropinized  6  hrs.  later  at  2  p.m.  (fig.  7).  None  ovulated  over¬ 
night.  In  2  cases  there  was  evidence  of  slight  LH  action,  as  their  ovaries 
contained,  respectively,  1  and  2  follicles  in  preovulatory  swelling. 
In  contrast  with  these  findings  are  numerous  positive  results  obtained 
when  progesterone  was  injected  at  noon  or  1  p.m.,  followed  by  atro¬ 
pine  at  only  a  4-hour  interv^al.  Ten  rats  received  progesterone  at  12 
noon  and  atropine  at  4  p.m.  Four  ovulated  “normally”  overnight  and 
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2  were  partially  stimulated  as  evidenced,  respectively,  by  1  and  5 
follicles  in  preovnilatoiy  swelling.  Thirteen  rats  received  progesterone 
at  1  p.M.  and  atropine  at  5  p.m.  A  still  higher  proportion  of  these 
animals  fully  ovulated  ov^ernight  (7/13).  In  one  additional  animal 
ovulation  was  in  progress  at  the  time  of  autopsy  (5  tubal  ova,  6 
freshly  ruptured  follicles,  6  follicles  in  preo\ailatory  swelling),  indicat¬ 
ing  that  the  hypophysis  had  been  incompletely  stimulated  before 
the  atropine  tbok  effect.  Five  of  the  13  rats  were  completely  blocked. 


Normol  Ovulation 


[p]  =  Progesterone  injection 
®  =  Atropine  blockode 


=  No  ovulation  nor  preovulatory 
svrelling 


]  =  Partial  effect  -  preovulotory 
swelling  or  ovulation  in 
progress 


I  I  =  Ovulotion  complete 


Fig.  7.  Graphic  representation  of  results  of  atropine  blockade  at  various  intervals 
after  progesterone  injection  at  different  hours  of  the  day  (diestrus  day  3).  Xumerals 
over  the  segments  of  the  bars  under  “RESULTS”  indicate  the  respective  numbers  of 
rats  represented  by  the  proportional  lengths  of  the  segments. 


In  these  animals,  therefore,  no  effective  stimulus  had  reached  the 
hypophysis  before  5  p.m. 

To  learn  whether  progesterone  can  exert  its  effect  in  even  less  than 
4  hours,  16  rats  were  given  progesterone  at  2  p.m.  (on  diestrus  day 
3  of  artificial  5-day  cycles)  and  atropine  2  hours  later.  On  the  following 
morning,  1  of  the  16  had  ovulated  completely  and  a  second  rat  was 
in  the  process  of  ovulating  at  the  time  of  autopsy,  having  4  tubal 
ova,  6  freshly  ruptured  follicles  and  3  follicles  in  preovulatory  swelling. 
Two  others  each  had  1  follicle  in  preovulatory  swelling.  The  remaining 
12  rats  gave  no  evidence  of  preovulatory  stimulation.  Their  ovaries 
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contained  full  sets  of  large,  growing  follicles  of  which  the  ovocyte 
nuclei  were  in  the  “resting”  state.  Four  cases  of  pituitary  activation 
among  16  trials  are  not  very  significant  since  there  is  a  possibility 
of  occasional  spontaneous  advancement  of  the  cycle  (cf.  Materials 
and  Methods).  Allowing  a  10%  probability  for  that  event,  the  likeli¬ 
hood  is  considerable  (p>0.06)  that  it  might  occur  in  at  least  4/16 
cases.  We  therefore  judge  that  a  latent  period  of  over  2  hours  follows 
the  subcutaneous  injection  of  progesterone  in  oil.  If  the  rat  is  sensitive 
during  the  second  2-hour  period,  pituitary  activation  will  probably  be 
completed  dining  that  interval. 

Considering  all  of  these  progesterone-atropine  experiments  to¬ 
gether,  it  is  evident  that  regardless  of  how  early  in  the  day  progesterone 
is  injected,  the  neurohumoral  response  does  not  begin  until  about  2 
p.M  or  later.  In  only  about  half  of  the  animals  is  hypophyseal  stimula¬ 
tion  largely  complete  before  4  to  5  p.m.  In  the  others  little,  if  any, 
stimulation  has  occurred  at  such  time.  This  distribution  of  individual 
periods  of  stimulation  before  and  after  4  to  5  p.m.  is  not  unlike  that 
found  in  Series  II  (above)  for  5-day  cyclic  rats  in  normal  proestrus. 
Both  distributions,  however,  are  dissimilar  to  that  seen  in  4-day 
cyclic  rats  in  proestrus,  where  25  of  27  animals  have  shown  at  least 
partial  stimulation  before  4  p.m. 


DISCUSSION 

There  is  nothing  surprising  in  the  finding  that  a  neural  mechanism 
is  involved  in  LH  release  in  response  to  progesterone  administration. 
The  conclusion  had  earlier  been  reached  (Everett,  1948)  that  proges¬ 
terone  and  estrogen  act  synergistically  in  the  induction  of  LH  dis¬ 
charge  in  rats.  Sawyer,  Everett  and  Markee  (1949)  had  demonstrated 
that  ovulatory  activation  of  the  hypophysis  in  response  to  estrogen 
(in  pregnant  rats)  can  be  blocked  by  either  Dibenamine  or  atropine. 
It  seemed  highly  probable,  therefore,  that  these  blocking  agents  would 
similarly  prevent  the  advancement  of  ovulation  by  progesterone. 

Of  considerably  more  importance  is  the  disclosure  of  a  24-hour 
rhythm  of  sensitivity  in  the  neural  LH-release  apparatus.  In  Series 
III  and  IV  we  found  that  on  the  third  day  of  diestrus  in  5-day  cycles, 
sensitivity  to  progesterone  is  limited  to  a  period  of  a  few  hours. 
This  period  is  approximately  24  hours  earlier  than  the  period  of 
“spontaneous”  stimulation  of  the  hypophysis  during  proestrus.  The 
response  to  progesterone  is  related  largely  to  time  of  day  and  not 
primarily  to  the  hour  of  progesterone  injection.  If  the  hormone  hap¬ 
pens  to  be  present  in  adequate  amount  during  the  period  of  sensitivity 
on  diestrus  day  3,  stimulation  of  the  anterior  lobe  takes  place.  Other¬ 
wise  another  day  will  elapse  before  stimulation  occurs. 

Confirmatory  evidence  of  quite  different  nature,  also  disclosing 
such  a  24-hour  rhythm  in  some  element  of  the  neural  LH-release 
apparatus,  has  already  been  presented  in  a  preliminary  paper  (Ever¬ 
ett  and  Sawyer,  1949).  Brief  Nembutal  sedation  of  4-day  cyclic  rats 
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during  the  critical  hours  of  sensitivity  on  the  day  of  proestrus  will 
regularly  delay  LH  release  for  a  full  24  hours.  Repeated  injection  of 
Nembutal  during  critical  hours  on  the  second  day  will  then  delay  re¬ 
lease  another  24  hours.  The  mature  follicles  persist  and  estrogen  secre¬ 
tion  continues  meanwhile,  as  evidenced  by  the  vaginal  smears.  There 
must  be,  then,  a  continuing  steady  secretion  of  gonadotrophin  (FSH 
-f-LH)  at  moderate  levels.  The  one  deficiency  is  a  stimulus  from  the 
hypothalamus  sufficient  to  discharge  adequate  amounts  of  LH  (or  to¬ 
tal  gonadotrophin)  to  cause  preovulatory  sw'elling  and  ovulation.  In 
the  present  experiments  we  are  dealing  essentially  with  this  same  me¬ 
chanism.  When  the  cycles  are  dated  from  the  first  day  of  diestrus,  the 
day  of  proestrus  in  the  4-day  cycle  compares  with  the  third  day  of  dies¬ 
trus  in  the  5-day  cycle.  On  this  day  the  hypophysis  of  a  5-day  cyclic 
rat  is  fully  capable  of  releasing  an  ovulating  quantity  of  luteinizing 
hormone,  but  the  neural  stimulus  for  release  is  normally  one  day 
“late”  in  arriving. 

There  is  at  hand  some  evidence  to  indicate  the  anatomical  locali¬ 
zation  of  an  hypothalamic  center  which  is  specifically  essential  for  the 
cyclic  ovulatory  discharge  of  LH.  Dey  et  al.  (1940-1943)  placed  le¬ 
sions  in  various  parts  of  the  hypothalamus  in  female  guinea  pigs. 
Certain  bilateral  lesions,  restricted  to  the  rostral  hypothalamus,  re¬ 
sulted  uniformly  in  constant  estrus,  with  persistent  follicles  as  a  con-  ■ 
sistent  feature  of  ovarian  histology.  Intact  tuber  cinereum  and  stalk 
w'ere  essential  to  the  production  of  constant  estrus,  as  their  destruc¬ 
tion  led  always  to  anestrus.  Hillarp  (1949)  has  recently  shown  in  fe¬ 
male  rats  that  certain  bilaterally  symmetrical  lesions  in  the  rostral 
hypothalamus  similarly  result  in  constant  estrus.  Equally  effective 
are:  (1)  relatively  diffuse  lesions  in  the  anterior  hypothalamic  area 
immediately  rostral  to  the  paraventricular  nuclei,  or  (2)  more  dis¬ 
crete  lesions,  placed  caudally  between  the  paraventricular  nuclei  and 
median  eminence.  The  ovaries  of  such  animals  are  reported  to  contain 
many  follicles  of  various  sizes  and  an  extensive  fat-laden  interstitium. 
Gonadotrophin  secretion  is  apparently  steady,  but  at  a  subovulatory 
level.  The  deficiency  lies  in  the  absence  of  adequate  stimulation  for 
full,  ovulatory  secretion  of  “LH.”  It  is  probably  true,  therefore,  that 
the  cyclic  element  of  the  LH-release  apparatus  resides  in,  or  operates 
through,  the  anterior  hypothalamic  area.  The  present  results  show 
that  one  of  its  functional  attributes  (in  the  rat,  at  least)  is  an  intrinsic 
24-hour  rhythm.  A  number  of  other  functional  characteristics  were 
previously  discussed  by  Everett,  Sawyer  and  Markee  (1949),  where 
we  spoke  more  abstractly  of  a  rhythmic  hypothalamic  center  wffiose 
activity  leads  to  discharge  of  an  “ovulation  stimulus”  to  the  hypophy¬ 
sis.  We  are  now  inclined  to  regard  the  center  in  the  rostral  hypothala¬ 
mus  as  the  origin  of  this  spontaneous  stimulus  (Everett,  1950).  That 
part  of  the  mechanism  represented  by  the  tuber  cinereum,  median 
eminence  and  hypophyseal  portal  circulation,  operates  as  a  final 
pathway  to  the  pituitary  gland,  according  to  this  view. 
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The  specific  site  or  sites  of  action  of  progesterone  and  estrogen  in 
this  system  cannot  as  yet  be  defined.  Both  substances  have  central 
neural  effects,  e.g.,  incitement  of  estrous  behavior  in  which  a  syner¬ 
gism  of  the  two  steroids  is  well  recognized  (Beach,  1948).  In  the  pres¬ 
ent  study  w  e  have  seen  that  injection  of  progesterone  on  the  first  day 
of  diestrus  in  4-day  cyclic  rats  not  only  retards  the  cycle  one  day,  but 
often  modifies  the  critical  hours  during  which  pituitary  activation 
can  occur  on  the  second  day  following.  Without  the  earlier  retarding 
dose  of  progesterone,  spontaneous  activation  would  usually  occur  on 
that  day  (proestrus)  between  2  and  4  p.m.  In  the  retarded  cycle,  how¬ 
ever,  w'e  find  that  on  that  same  day  (now  the  third  day  of  diestrus) 
the  LH-release  apparatus  of  about  half  of  the  animals  is  insensitive  to 
progesterone  until  after  4  p.m.  This  change  is  quite  evidently  an  effect 
of  progesterone  on  the  central  nervous  system,  and  probably  on  the 
anterior  hypothalamic  center.  By  analogy,  this  shift  of  the  diurnal 
rhythm  resembles  a  resetting  to  a  new  hour  of  the  alarm  control  of  a 
24-hour  clock. 

With  respect  to  possible  mechanisms  whereby  progesterone  (or 
estrogen)  may  act  to  induce  ovulation,  w'e  entertain  three  alternative 
hypotheses.  The  first  of  these  takes  the  extreme  view  that  neuro- 
humoral  stimulation  of  the  hypophysis  occurs  at  a  regular  time  each 
day  and  that  the  response  of  the  gland  depends  entirely  on  local  modi¬ 
fication  of  its  threshold  of  activation  by  the  sex  steroids.  The  principal 
evidence  favoring  this  interpretation  is  the  recent  observation  in  the 
rabbit  (Sawyer  and  Markee,  1950)  that  copper  acetate  instilled  directly 
into  the  anterior  lobe  tends  to  induce  LH  release  and  that  this  effect  is 
facilitated  by  estrogen.  The  principal  evidence  suggesting  that 
progesterone,  at  least,  acts  at  the  neural  level  and  not  only  in  the 
gland,  is  the  fact  that  this  agent  will  induce  ovuilation  in  rats  in  which 
a  state  of  persistent  estrus  has  been  induced  by  continuous  illumina¬ 
tion  (Everett,  1940,  and  unpublished).  At  present  the  simplest  ex¬ 
planation  of  such  “light  estrus’'  is  that  continuous  illumination  in¬ 
hibits  the  operation  of  the  cyclic  element  in  the  hypothalamic  appa¬ 
ratus,  either  by  destroying  the  diurnal  rhythm  or  by  preventing  its  in¬ 
fluence  on  the  final  pathway.  If  such  is  true,  then  the  action  of 
progesterone  administered  during  continuous  light  must  be  at  the 
neural  level,  at  least  in  part. 

The  second  hypothesis  considers  that  a  principal  site  of  action  of 
the  sex  steroids  is  in  the  tuberal  region  and  (or)  the  median  eminence, 
where  they  serve  to  lower  thresholds  to  a  variety  of  afferent  impulses. 
We  may  then  assume  for  the  moment  that  given  adequate  steroid 
levels  at  these  sites,  stimuli  from  the  24-hour  “clock”  administer  the 
coup  de  grace.  This  hypothesis  resembles  the  first  in  that  it  assumes 
excitatory  activity  proceeding  from  the  rostral  hypothalamus  regu¬ 
larly  each  day. 

The  third  hypothesis  assumes  that  the  center  in  the  rostral  hy¬ 
pothalamus,  is  characterized  by  an  (intrinsic?)  diurnal  rhythm  of 
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sensitivity,  but  that  its  own  threshold  of  excitation  is  determined  by 
local  action  of  sex  steroids.  In  the  5-day  cyclic  rat,  it  may  then 
discharge  excitatory  impulses  to  the  tuber  cinereum-median  eminence 
apparatus  on  the  third  day  of  diestrus  if  progesterone  is  introduced 
well  before  the  critical  hours  of  sensiti\’ity.  Lacking  such  treatment, 
as  when  progesterone  is  injected  too  late  in  the  day,  or  not  at  all,  the 
discharge  does  not  occur  until  another  day  has  passed.  This  hypothe¬ 
sis  does  not  deny  the  additional  action  of  estrogen  and  progesterone 
at  the  sites  mentioned  in  the  other  hypotheses  but  simply  regards  the 
steroids  as  being  critical  for  determining  the  actual  exciting  discharge 
from  the  rostral  hypothalamus. 

There  is  at  present  little  choice  between  the  second  and  third 
hypotheses.  The  latter,  perhaps,  would  allow  more  ready  comparison 
of  spontaneously  o\uilating  species  with  those  which  require  the 
copulatory  reflex.  The  median  eminence  and  portal  vascular  connec¬ 
tion  to  the  pars  distalis  constitute  a  final  pathway  which  is  apparently 
common  to  both  rat  and  rabbit  (cf.  Harris,  1948).  The  rabbit  lacks 
the  rhythmic  element  of  the  rostral  hypothalamus,  one  may  say. 
Activation  of  the  final  pathway  in  such  species  depends  on  afferent 
impulses  normally  associated  with  coitus.  In  the  rat  the  rostral  center 
discharges  spontaneously  to  the  final  pathway  every  4  or  5  days, 
substituting  for,  or  more  correctly,  obscuring  the  reflex  mechanism  in 
so  far  as  ovulation  is  concerned.  Reflex  coital  stimulation  leading  to 
ovulation  does  exist  in  rats,  but  is  demonstrable  only  under  special 
conditions;  during  spontaneous  persistent  estrus  (Everett,  1939,  and 
later  unpublished  data)  and  during  persistent  estrus  induced  by  con¬ 
tinuous  light  (Dempsey  and  Searles,  1943;  Everett,  unpublished).  It 
will  be  of  considerable  interest  to  learn  whether  Hillarp’s  (1949) 
constant-estrous  preparations  retain  the  reflex  mechanism  in  the 
absence  of  the  spontaneous  stimuli  from  the  rostral  hypothalamus. 
If  not,  one  would  be  forced  to  conclude  that  even  the  reflex  mecha¬ 
nism  requires  the  integrity  of  that  region.  It  should  be  recalled  that 
Haterius  and  Derbyshire  (1937)  induced  ovmlation  in  rabbits  by 
means  of  weak,  localized  stimuli  from  bipolar  electrodes  placed  in 
the  preoptic  region. 

Putting  aside  these  neurological  questions,  there  are  certain 
more  general  matters  respecting  the  relationship  of  progesterone  to 
ovulation  which  should  be  discussed.  We  are  led  to  inquire  what  may 
be  its  general  importance  in  facilitating  ovulation  in  other  species 
than  the  rat  and  hen.  It  seems  hardly  a  coincidence  that  such  closely 
similar  phenomena  have  been  observed  in  such  widely  unrelated 
species.  Our  present  evidence  re-emphasizes  the  critical  importance 
of  timing  in  the  rat.  In  the  first  place,  as  was  earlier  shown  by  one  of 
us  (Everett,  1948),  the  difference  of  one  day  in  administration  of 
progesterone  can  determine  whether  ovulation  is  to  be  retarded  or 
advanced.  Now  it  is  apparent  that  there  are  only  a  few  hours  on  the 
third  day  of  diestrus  during  which  the  LH-release  apparatus  is  sensi- 
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tive  to  the  hormone.  Is  it  not  probable  that  when  the  factor  of  timing 
is  better  understood,  similar  activity  of  progesterone  will  be  disclosed 
in  other  species? 

There  is  still  much  to  be  learned  about  the  importance  of  progester¬ 
one  in  such  functions  even  in  the  rat.  Lest  it  be  construed  that  we  be¬ 
lieve  that  the  hormone  is  always  essential,  we  must  reiterate  evidence 
to  the  contrary  which  has  previously  been  cited  (Everett,  1944,  b). 
The  first  ovulation  at  puberty  necessarily  occurs  in  the  absence  of  lu¬ 
teal  tissue.  Inadultpersistent-estrousrats,spontaneousovulatory  cycles 
sometimes  occur  long  after  all  recognizable  luteal  tissue  has  disap¬ 
peared.  Of  course,  one  must  admit  that  progesterone  of  extra-luteal 
origin  is  not  excluded  in  these  cases.  Marvin  (1947,  1948)  was  able  to 
induce  ovulatory  cycles  in  persistent-estrous  rats  by  daily  injection 
of  small  amounts  of  testosterone  propionate  or  of  desoxycorticosterone 
acetate.  Hooker  and  Forbes  (1949),  however,  suggest  that  these  two 
substances  may  be  partly  transformed  to  progesterone  in  vivo.  Un¬ 
published  data  by  one  of  us  (J.  W.  E.)  show  that  single  injections  of 
testosterone  propionate  (0.05  to  1.0  mg.  in  oil)  on  the  third  day  of 
diestrus  will  not  advance  ovulation  in  5-day  cyclic  rats.  Neither  will 
desoxycorticosterone  acetate  unless  the  dose  is  increased  to  3  mg. 
Perhaps  these  acute  experiments  allowed  insufficient  time  for  conver¬ 
sion,  in  contrast  with  the  chronic  experiments  of  Marvin. 

One  may  inquire  what  evidence  there  is  that  progesterone  is  ac¬ 
tually  produced  in  rats  at  a  sufficient  length  of  time  prior  to  ovula¬ 
tion  to  influence  LH  discharge.  Astwood  (1941)  postulated  on  experi¬ 
mental  grounds  that  progesterone  is  secreted  by  the  ovarian  follicles 
during  preovulatory  swelling.  However,  swelling  does  not  begin  until 
several  hours  after  the  discharge  of  LH;  we  are  concerned  here  with 
events  preceding  that  discharge.  Effective  amounts  could  probably 
not  be  secreted  by  the  growing  follicles  before  swelling,  at  least  not 
under  the  stimulus  of  luteotrophin  (lactogen;  cf.  Everett,  1944,  b). 
The  more  plausible  source  is  the  luteal  tissue  of  the  preceding  cycle, 
in  which  cytochemical  evidence  of  secretory  activity  is  apparent  early 
in  the  day  of  proestrus  (Everett,  1945)  in  normal  rats.  No  comparable 
evidence  of  luteal  secretion  was  found  in  certain  rats  which  were  es¬ 
pecially  subject  to  persistent  estrus,  either  spontaneous  or  light- 
induced.  The  latter  observation  is  of  major  significance  in  support 
of  a  protective  role  for  progesterone. 

Whether  or  not  it  is  always  essential  to  LH  release,  progesterone 
certainly  favors  this  process  and  tends  to  counteract  inhibitory  influ¬ 
ences  such  as  continuous  illumination  (Everett,  1940).  In  this  protec¬ 
tive  r61e  it  apparently  acts  at  the  hypothalamic  level  facilitating  the 
normal  functioning  of  a  diurnally  sensitive  mechanism. 

SUMMARY 

Earlier  studies  demonstrated  that  progesterone,  administered  to 
5-day  cyclic  rats  on  the  third  day  of  diestrus,  will  advance  ovulation 
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about  24  liours.  It  is  now  shown  that  this  effect  is  subject  to  blockade 
by  either  Dibenamine  or  atropine,  indicating  that  the  effect  is  medi- 
diated  by  a  neurohumoral  mechanism. 

The  relative  effectiveness  of  progesterone  injection  at  different 
hours  of  the  day  was  examined.  The  results  show  that  sometime  in  the 
late  afternoon  or  early  evening  the  animals  become  refractory  to  proges¬ 
terone.  This  hour  varies  considerably  among  different  individuals. 
The  variation  is  of  comparable  degree  in  natural  5-day  cycles  and  in 
“artificial”  5-day  cycles  (4-day  cycles  retarded  one  day  by  proges¬ 
terone  administered  on  diestrus  day  1). 

By  injection  of  progesterone  at  various  hours,  follow^ed  at  different 
intervals  by  atropine  blockade,  it  was  found  that  regardless  of  how 
early  progesterone  is  administered,  neurohumoral  activation  of  the 
hypophysis  does  not  begin  until  2  p.m.  or  later,  becoming  complete  in 
about  half  of  the  animals  before  4^5  p.m.  In  the  others  little,  if  any, 
stimulation  occurs  until  after  that  time.  The  response  is  primarily 
related  to  the  time  of  day  and  not  to  the  hour  of  injection. 

After  subcutaneous  injection  of  progesterone  in  oil  a  latent  period 
of  at  least  2  hours  is  characteristic.  If  the  animal  is  sensitive  during 
the  second  2-hour  period  post-injection,  full  stimulation  of  the  hy¬ 
pophysis  may  be  accomplished  during  that  interval. 

The  period  of  sensitivity  to  progesterone  on  the  third  day  of  dies¬ 
trus  is  almost  exactly  24  hours  earlier  than  the  period  of  “spon¬ 
taneous”  activation  wliich  ordinarily  occurs  on  the  next  following 
day  (proestrus).  This  is  evidence  of  a  24-hour  rhythm  in  some  ele¬ 
ment  of  the  LH-release  apparatus. 

REFERENCES 

Astwood,  E.  B.:  Endocrinology  28:  309.  1941. 

Beach,  F.  A.:  Hormones  and  Behavior.  Paul  B.  Hoeber,  Inc.,  New  York.  1948. 
Dempset,  E.  W.,  and  H.  F.  Sbarles:  Endocrinology  32:  119.  1943. 

Dey,  F.  L.:  Endocrinology  33:  75.  1943. 

Dey,  F.  L.,  C.  Fischer,  C.  M.  Berry  and  S.  W.  Ranson:  Am.  J.  Physiol.  129:  39. 
1940. 

Everett,  J.  W.:  Endocrinology  25:  123.  1939. 

Everett,  J.  W.:  Anal.  Rec.  76  (No.  2,  Suppl.):  21.  1940. 

Everett,  J.  W.:  Endocrinology  34:  136.  1944,  a. 

Everett,  J.  W.:  Endocrinology  35:  507.  1944,  b. 

Everett,  J.  W.:  Am.  J.  Anal.  77:  293.  1945. 

Everett,  J.  W.:  Endocrinology  43:  389.  1948. 

Everett,  J.  W.:  Pituitary-ovarian  relationships,  in:  S.  Soskin:  Progress  in  Endocrin¬ 
ology.  Grune  and  Stratton,  New  York.  (In  press)  1950. 

Everett.  J.  W.,  and  C.  H.  Sawyer:  Proc.  Soc.  Exper.  Biol.  &  Med.  71:  696.  1949. 
Everett,  J.  W.,  C.  H.  Sawyer  and  J.  E.  Markbe:  Endocrinology  44:  234.  1949. 
Fraps,  R.  M.,  and  a.  Dury:  Proc.  Soc.  Exper.  Biol.  &  Med.  52:  346.  1943. 

Harris,  G.  W.:  Physiol.  Rev.  28:  139.  1948. 

Haterids,  H.  0.,  AND  A.  J.  Derbyshire:  Am.  J.  Physiol.  119:  329.  1937. 

Hillarp,  N.-A.:  Acta  Endocrinol.  2:  11.  1949. 

Hooker,  C.  W.,  and  T.  R.  Forbes:  Endocrinology  45:  71.  1949. 

Marvin,  H.  N.:  Anat.  Rec.  98:  383.  1947. 

Marvin,  H.  N.:  Anat.  Rec.  100:  694.  1948. 

Rothchild,  I.,  AND  R.  M.  Fraps:  Endocrinology  44:  141.  1949. 

Sawyer,  C.  H.,  J.  W.  Everett  and  J.  E.  Markee:  Endocrinology  44:218.  1949. 
Sawyer,  C.  H.,  and  J.  E.  Markbe:  Endocrinology  (In  press).  1950. 


A  PROCEDURE  FOR  THE  STUDY  OF  FACTORS 
WHICH  AFFECT  THE  NITROGEN  METABOLISM 
OF  ISOLATED  TISSUES:  HORMONAL 
INFLUENCES' 
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The  classical  approach  to  the  study  of  the  nitrogen  metabolism 
of  tissues  has  been  through  observations  of  urinary  nitrogen  changes. 
Efforts  at  more  direct  measurement  have  led  to  studies  of  NPN  frac¬ 
tions  in  the  blood  of  normal  (Harrison  and  Long,  1940),  nephrecto- 
mized  (Bondy  and  Engel,  1947),  and  eviscerated  (Frame  and  Russell, 
1946)  animals  under  a  variety  of  conditions.  New  approaches  which 
have  recently  been  introduced  are  the  analyses  of  whole  tissues  before 
and  after  experimental  manipulation  of  the  animal  (White  and 
Dougherty,  1947)  and  the  use  of  isotopes  to  calculate  breakdown  and 
synthesis  rates  (Sprinson  and  Rittenberg,  1949). 

Direct  in  vitro  observ^ation  of  the  nitrogen  metabolism  of  tissues 
has  been  discouraged  by  the  finding  that  during  incubation  there  is 
always  a  net  loss  of  nitrogen  from  the  tissue  slices.  However,  if  the 
loss  of  nitrogen  during  incubation  is  a  constant,  reproducible  quan¬ 
tity,  then  the  influence  of  various  factors  upon  the  metabolism  of 
tissues  may  be  studied  using  the  values  found  under  standardized 
conditions  as  a  reference  point.  Moreover,  it  has  recently  been 
claimed  that  labeled  nitrogen  is  incorporated  into  protein  in  vitro 
(Frantz,  Loftfield  and  Miller,  1947),  suggesting  that  although  the 
breakdown  of  protein  predominates  over  synthesis  under  in  vitro 
conditions,  comparison  of  the  rate  of  loss  of  nitrogen  from  tissues 
under  various  conditions  may  supply  useful  data  concerning  factors 
which  are  of  importance  in  the  nitrogen  metabolism  of  the  tissues. 

Bernheim  and  Bernheim  (1946)  have  introduced  evidence  which 
supports  the  assumption  that  measurement  of  the  increase  of  nitrogen 
in  a  bicarbonate  buffer  in  which  tissues  are  incubated  is  a  reflection  of 
metabolic  processes  which  are  taking  place  in  the  surviving  slices.  In 
this  paper  are  reported  the  results  of  a  more  intensive  study  of  this 
system.  Precautions  which  must  be  taken  in  order  to  obtain  consist¬ 
ently  reproducible  measurements  of  the  rate  of  liberation  of  nitrogen 
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from  liver  slices  during  incubation  are  described,  and  additional  evi¬ 
dence  is  presented  that  these  measurements  reflect  metabolic  processes 
as  opposed  to  equilibration  and  diffusion  phenomena. 

In  addition,  the  net  loss  of  total  N  from,  and  the  formation  of 
amino  N  by,  liver  slices  and  diaphragm  have  been  studied  in  normal, 
hypophysectomized,  tliyroidectomized  and  adrenalectomized  rats. 
The  effects  of  the  injection  of  thyroxine  and  adrenal  cortical  extract 
into  operated  animals  have  also  been  investigated. 

PROCEDURE 

Fasted  male  rats  of  the  Sprague-Dawley  strain  weighing  between  90  and 
250  gm.  were  used.  Diaphragms  were  used  only  from  rats  which  weighed  less 
than  ICO  gm. 

The  animals  were  anesthetized  with  nembutal  and  the  livers  were  quickly 
removed  and  placed  on  moistened  filter  paper  in  a  Petri  dish  set  into  cracked 
ice.  Approximately  100  mgm.  (wet  weight)  of  rat  liver  slices  or  diaphragm 
were  placed  in  25  ml.  Erlenmeyer  flasks  containing  4  ml.  of  chilled  Krebs- 
Ringer  bicarbonate  buffer  (Umbreit,  Burris  and  Stauffer,  1945)  to  which 
0.2%  glucose  had  been  added.  The  buffer  solution,  prepared  and  pregassed 
with  95%  02-5%  CO2  or  95%  N2-5%  CO2  mixture,  was  regassed  for  two 
minutes  after  addition  of  the  tissue.  The  flasks  were  then  stoppered  and 
placed  in  a  Warburg  bath  at  38°  C.  and  were  shaken  about  120  times  per 
minute. 

In  the  procedure  that  was  finally  adopted,  flasks  were  removed  at  the 
end  of  15  minutes  and  3  hours  and  15  minutes.  The  medium  in  each  flask 
was  decanted  into  a  centrifuge  tube  and  spun  at  2500  R.P.M.  for  five  min¬ 
utes.  A  two  ml.  aliquot  of  the  centrifuged  medium  was  transferred  to  a  micro- 
Kjeldahl  flask  for  total  X  determination,  and  one  ml.  was  pipetted  into  a 
centrifuge  tube  for  protein  precipitation  prior  to  amino  N  analysis.  The 
proteins  were  precipitated  by  the  addition  of  3.5  ml.  of  N\70  H2SO4  plus 
0.02  ml.  of  10.%  sodium  tungstate.  After  ten  minutes,  the  protein  precipitate 
was  spun  down  and  two  ml.  portions  of  the  clear  supernatant  were  used  for 
amino  N  determination  according  to  the  method  of  Frame,  Russell  and  Wil¬ 
helm!  (1943).  The  supernatant  solution  was  free  of  protein  and  recovery  of 
added  amino  acids  was  well  within  the  limit  of  error  of  the  method. 

The  hypophysectomized  rats  were  obtained  from  the  Hormone  Assay 
Laboratory.  Failure  of  growth  and  testicular  atrophy  were  used  as  criteria 
of  completeness  of  the  operation.  At  least  one  month  elapsed  between  opera¬ 
tion  and  experiment.  The  hypophysectomized  rats  which  received  thyroxine 
were  given  20m  gm.  daily  for  one  week  prior  to  the  experiment. 

Adrenalectomies  were  performed  in  one  stage,  and  a  minimum  of  one 
week  was  permitted  to  elapse  before  the  animals  were  used.  Gross  autopsies 
were  performed  to  verify  the  absence  of  adrenal  tissue.  The  adrenalec¬ 
tomized  rats  were  maintained  by  the  addition  of  1%  sodium  chloride  to 
their  drinking  water.  The  adrenalectomized  rats  which  received  hormone 
therapy  were  injected  with  aqueous  adrenal  cortical  extract  (Wilson),  3  ml. 
subcutaneously  in  two  doses,  two  hours  and  one  hour  before  the  experiment. 

The  thyroidectomized  animals  were  maintained  for  a  minimum  of  two 
weeks  after  operation  by  adding  a  mixture  of  0.1%  CaCb  and  0.9%  calcium 
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lactate  to  their  drinking  water.  Only  those  animals  which  showed  marked 
retardation  of  growth  were  used.  The  thyroidectomized  rats  which  received 
thyroxine  were  given  a  single  subcutaneous  injection  (20/i  gm.)  18  hours 
before  the  experiment  and  received  no  food  thereafter. 

RESULTS 

Removal  of  tissue  fragments.  The  necessity  of  removing  fragments 
which  separated  from  the  suspended  liver  slices  during  incubation  is 
shown  by  the  data  in  Table  1.  The  nitrogen  lost  from  the  slices  was 
calculated  by  subtraction  of  the  nitrogen  content  of  the  slices  at  the 
time  intervals  shown  from  the  nitrogen  content  of  fresh  slices.  The 


Table  1.  Ma.  of  total  nitrogen  transferred  to  Krebs-Ringer  phosphate 
BUFFER  FROM  100  MG.  (WET  WEIGHT)  OF  LIVER  SLICES 


n 

15  min. 

195  min. 

AN 

N  lost  from  slices 

8 

0.97  ±.06 

1.44±.ll 

0.47  ±.09 

N  gained  by  medium 

N  gained  by  medium- 

8 

0.89  ±.05 

1.22±.ll 

0.33±.10 

fragments  removed 

N  •  gained  by  medium- 

4 

0.84  ±.05 

1.00  ±.04 

0.16±  .03 

fragments  removed 

11 

0.84  ±.02 

1.18±.02 

0.34 ± .03 

•  Bicarbonate  buffer. 


nitrogen  gained  by  the  medium  was  obtained  directly  by  analysis  of 
aliquots  of  the  medium  since  no  nitrogen  was  present  at  the  start  of 
the  experiment.  It  will  be  noted  that  fragments  which  separated  from 
the  slices  during  incubation  prevented  the  obtaining  of  true  aliquots 
from  the  uncentrifuged  medium  since  the  nitrogen  lost  from  the 
slices  was  invariably  greater  than  that  obtained  by  analysis  of  the 
medium.  That  no  nitrogen  was  lost  from  the  system  during  the 
course  of  the  experiments  was  proved  by  comparison  of  the  nitrogen 
content  of  control  slices  w  ith  nitrogen  recoverable  upon  analysis  of  the 
entire  contents  of  flasks  after  3  hours  of  incubation.  In  six  such  ex¬ 
periments,  the  average  recovery  was  100.4  per  cent  (range  98.6- 
101.9)  of  the  values  obtained  from  duplicate  analyses  of  control 
slices. 

Comparison  of  the  nitrogen  added  to  the  medium  during  the  incu¬ 
bation  period  as  shown  in  the  last  column  of  Table  1  with  and  with¬ 
out  centiifugation  indicates  that  fragments  from  the  liver  slices  con¬ 
tributed  at  least  50  per  cent  of  the  nitrogen  measured  during  the  in¬ 
terval  from  15  to  195  minutes.  Fragmentation  was  exceedingly  vari¬ 
able  as  is  shown  by  the  large  standard  error  in  8  experiments  in  which 
the  fragments  had  not  been  removed  as  compared  with  the  small 
standard  error  in  4  experiments  in  which  the  medium  was  centrifuged 
prior  to  nitrogen  analysis. 

USE  OF  15  MINUTE  EQUILIBRATION  PERIOD 

A  considerable  quantity  of  nitrogen  entered  the  medium  during 
the  first  15  minutes  of  incubation  (see  Table  1).  Studies  at  5  minute 
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intervals  indicated  that  this  rapid  phase  of  nitrogen  liberation  ceased 
after  15  minutes.  Considerable  data  have  been  accumulated,  all  of 
which  indicate  that  the  nitrogen  lost  from  the  tissues  during  this  time 
is  not  of  biological  significance.  For  example,  alteration  of  the  osmotic 
pressure,  ionic  strength  or  the  temperature  of  the  system  failed  to 
affect  the  15  minute  value.  Fasting  the  animals  for  3  days  prior  to 
removal  of  the  liver  also  failed  to  influence  the  results.  Positive  evi¬ 
dence  that  the  nitrogen  transferred  from  the  slices  to  the  medium 
during  the  first  15  minutes  of  aerobic  incubation  resulted  almost 
entirely  as  a  consequence  of  the  slicing  process  is  afforded  by  the  fol¬ 
lowing  experiments:  (a)  In  two  experiments,  when  fresh  slices  were 
incubated  for  15  minutes  in  a  medium  in  which  a  set  of  slices  had 


Fig.  1.  Release  of  total  nitrogen  from  liver  slices  into 
Krebs-Ringer  bicarbonate  buffer. 


previously  been  equilibrated  and  then  removed,  there  was  an  incre¬ 
ment  of  total  nitrogen  in  the  medium  from  the  fresh  slices  exactly 
equal  to  that  obtained  from  the  first  set  of  slices,  (b)  On  the  other 
hand,  when  slices  were  transferred  after  15  minutes  to  fresh  media 
and  re-equilibrated,  the  addition  of  nitrogen  to  the  medium  during 
the  second  15  minute  period  was  slight,  (c)  The  15  minute  total  ni¬ 
trogen  value  in  the  case  of  diaphragm  increased  as  the  total  number  of 
pieces  into  which  the  diaphragm  was  cut  was  increased. 

The  advantages  of  using  the  15  minute  point  as  a  zero  value  are 
four-fold:  (a)  the  effects  of  differences  in  slicing  are  minimized,  (b) 
the  effect  of  varying  quantities  of  residual  blood  in  the  tissues  is 
eliminated,  (c)  the  addition  of  nitrogen-containing  substances  such 
as  hormone  preparations  is  internally  controlled  and  (d)  the  true 
significance  of  small  changes  which  might  otherwise  not  be  detected 
is  revealed  by  elimination  of  nitrogen  which  has  entered  the  medium 
as  a  result  of  non-metabolic  processes. 
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REPRODUCIBILITY  OF  VALUES 

Included  in  Table  1  are  data  obtained  from  liver  slices  of  normal 
animals  incubated  in  bicarbonate  medium,  to  show  the  reproducibility 
of  the  values  observed.  It  will  be  noted  that  only  4  or  5  animals  are 
needed  to  establish  the  variability  of  an  experimental  series,  i.e.,  the 
standard  error  approaches  its  minimum  value  rapidly. 

EVIDENCE  THAT  NITROGEN  LIBERATED  FROM  TISSUES 
REFLECTS  METABOLIC  PROCESSES 

Three  series  of  experiments  were  performed  to  test  whether  the 
increase  of  nitrogen  in  the  medium  after  a  15  minute  equilibration 


Fig.  2.  Appearance  in  Kreb.s-Ilinger  bicarbonate  buffer  of 
amino  nitrogen  from  liver  .slices. 

period  was  influenced  by  factors  known  to  affect  the  metabolism  of 
tissues.  Liver  slices  were  incubated  (a)  in  the  absence  of  O2,  (b)  at 
reduced  temperatures  (15-25°C)  and  (c)  in  the  presence  of  iodoace- 
tate.  The  results  for  total  N  are  shown  in  Figure  1  and  those  for 
amino  N  in  Figure  2.  The  increase  of  total  N  in  the  medium  during 
the  experiments,  when  compared  with  the  values  in  a  series  carried 
out  under  normal  conditions,  was  increased  significantly  (P  <.01)  by 
anaerobic  incubation  and  by  the  use  of  iodoacetate  and  was  de¬ 
creased  at  reduced  temperatures.  There  was  an  inhibition  of  amino  N 
production  under  each  of  these  conditions. 

EFFECTS  OF  HORMONES 

The  effects  of  adrenalectomy,  thyroidectomy  and  hypophysectomy 
upon  the  liberation  of  total  N  from  diaphragm  and  liver  slices  in  the 
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interval  between  15  and  195  minutes,  are  represented  as  open  bars 
in  Figure  3.  In  the  case  of  diaphragm,  the  results  for  each  series  of 
operated  animals  were  significantly  different  from  those  of  the  control 
series  (P  <.01).  For  liver,  no  difference  was  found  between  the  normal 
series  and  the  adrenalectomized  animals  whereas  the  hypophysecto- 
mized  and  thyroidectomized  animals  had  a  marked  diminution  in  the 
liberation  of  total  N  into  the  medium  during  the  3  hours  of  observa¬ 
tion. 

The  effects  of  the  injection  of  thyroxine  into  hypophysectomized 
and  thyroidectomized  rats  and  of  adrenal  cortical  extract  into  ad- 


NHAT  NHAT 

DIAPHRAGM  LIVER 


Fig.  3.  Release  of  total  nitrogen  from  diaphragm  and  liver  slices  during  interval 
from  15  to  195  minutes.  N — normal.  H — hypophysectomized,  A — adrenalectomized, 
T — thyroidectomized.  Open  bars  represent  untreated  animals,  shaded  areas  show  effect 
of  hormone  treatment  upon  operated  animals. 


renalectomized  rats  are  demonstrated  for  diaphragm  and  liver  in  the 
shaded  bars  superimposed  upon  each  corresponding  untreated,  oper¬ 
ated  series  (Figure  3).  The  treated  animals  showed  a  return  to  or  near 
the  level  of  nitrogen  output  observed  in  the  unoperated  series  in  each 
instance.  The  liberation  of  nitrogen  from  the  liver  of  adrenalecto¬ 
mized  rats,  which  was  identical  with  that  of  the  unoperated  series,  was 
unaffected  by  adrenal  cortical  administration. 

Similar  effects  upon  the  formation  of  amino  N  may  be  seen  in 
Figure  4.  The  open  bars  represent  the  appearance  of  amino  N  during 
a  3  hour  incubation  period  (15  to  195  minutes)  in  normal,  and  un¬ 
treated,  operated  animals,  and  the  superimposed  shaded  bars  dem¬ 
onstrate  the  effect  of  the  administration  of  the  appropriate  hormone 
in  each  instance.  As  with  total  N,  the  amino  N  values  for  each  series 
differ  significantly  (P<.01)  from  that  of  the  unoperated  series  ex¬ 
cept  that,  once  again,  adrenalectomy  failed  to  influence  the  response 
of  liver  slices.  The  injection  of  thyroxine  into  hypophysectomized 
and  thyroidectomized  rats  increased  the  formation  of  amino  N  to 
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the  unoperated  level.  Aqueous  adrenal  cortical  extract  did  not  com¬ 
pletely  restore  the  amino  N  production  from  the  diaphragm  of 
adrenalectomized  rats  to  normal  levels,  possibly  because  of  the  use  of 
an  aqueous  rather  than  the  more  potent  lipo-adrenal  preparations 
and  because  arbitrary  selection  of  a  time  interval  may  not  have  per¬ 
mitted  observation  of  the  maximal  effect,  and  had  no  influence  upon 
the  liberation  of  amino  N  from  liver  slices. 

An  earlier  series  of  experiments  upon  adrenalectomized  rats  (not 
paired  with  rats  treated  with  cortical  extract)  which  were  performed 
some  time  before  the  series  shown  in  Figures  3  and  4,  yielded  values 
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Fig.  4.  Appearance  in  Krebs-Ringer  bicarbonate  buffer  of  amino  nitrogen  from 
diaphragm  and  liver  slices  during  interval  from  15  to  195  minutes.  Abbreviations  as  in 
Figure  3.  Approximately  the  entire  original  amino  N  content  of  the  diaphragm  and 
liver  was  recovered  from  the  medium  during  the  15  minute  equilibration  period.  The 
values  shown  above,  therefore,  represent  newly  formed  amino  acids. 

for  the  liberation  of  total  and  amino  N  from  the  diaphragm  some¬ 
what  higher  than  those  reported  in  this  communication.  The  cause  of 
this  discrepancy  is  now'  being  investigated.  However,  the  difference  in 
the  two  series  was  only  quantitative,  the  values  in  each  instance  being 
significantly  different  from  that  of  the  control,  unoperated  series. 

The  net  increment  of  amino  N  in  the  medium  upon  incubation  of 
diaphragm  from  normal  animals  was  significantly  greater  than  that 
of  liver  slices  (P<.01).  The  formation  of  urea  by  liver  slices  may 
possibly  explain  this  apparently  greater  proteolytic  power  of  dia¬ 
phragm. 

Control  total  N  values  of  fresh  tissues  obtained  from  adrenalec¬ 
tomized,  hypophysectomized  and  thyroidectomized  animals  were  al¬ 
most  identical  with  the  amount  of  nitrogen  found  in  fresh  tissue  from 
unoperated  rats  both  on  a  wet  and  a  dry  weight  basis  per  100  mg.  of 
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tissue.  The  differences  in  the  liberation  of  nitrogen  from  operated  ani¬ 
mals  as  compared  to  the  normal  series,  therefore,  cannot  be  explained 
by  variation  in  the  initial  nitrogen  content  of  the  tissues. 

DISCUSSION 

In  order  to  carry  out  upon  isolated  tissues  quantitative  nitrogen 
balance  studies  that  are  biologically  meaningful,  it  is  necessary  that 
the  values  obtained  are  reproducible,  and  the  phenomena  must  be 
such  that  diffusion  and  the  attaining  of  nitrogen  equilibrium  between 
tissue  and  medium  do  not  suffice  to  explain  the  results  observed.  The 
data  presented  clearly  demonstrate  that  the  liberation  of  nitrogen 
from  liver  slices  and  diaphragm  and  the  formation  of  amino  acids 
by  these  tissues  are  highly  reproducible  phenomena  which  are  well 
suited  to  quantitative  study.  The  evidence  also  strongly  supports  the 
assumption  that  the  measurements  reflect  metabolic  activity  of  the 
tissues  and  are  not  the  result  of  purely  physicochemical  processes 
since  the  quantity  of  total  and  amino  N  which  accumulates  in  the 
medium  is  altered  significantly,  as  compared  to  aerobic  incubation 
at  38°  C,  when  the  conditions  of  incubation  are  changed  in  a  manner 
known  to  affect  the  metabolism  of  tissues  (i.e.,  the  absence  of  O2, 
low  temperature,  addition  of  iodoacetate).  In  addition,  the  results 
obtained  from  hypophysectomized,  thyroidectomized  and  adrenalec- 
tomized  animals  as  well  as  the  effect  of  hormone  therapy  confirm  the 
metabolic  dependency  of  the  processes  that  are  being  measured. 

A  state  of  “relative”  positive  nitrogen  balance,  as  compared  to 
the  normal  series,  was  found  in  liver  slices  and  diaphragm  from  adre- 
nalectomized,  hypophysectomized  and  thyroidectomized  animals, 
except  that  adrenalectomy  had  no  effect  upon  the  liver  values.  The 
administration  of  adrenal  cortical  extract  to  the  adrenalectomized 
rats  and  of  thyroxine  to  hypophysectomized  and  thyroidectomized 
animals  induced  an  increased  loss  of  total  N  and  the  formation  of 
more  amino  N  .as  compared  to  operated,  untreated  controls.  These 
observations  are  in  accord  with  in  vivo  findings  concerning  the  man¬ 
ner  in  which  these  hormones  affect  the  nitrogen  balance  of  the  wlioh? 
animal.  The  amino  N  data  are  likewise  in  accord  with  in  vivo  findings 
in  eviscerated  rats  (Bondy,  1949). 

The  procedure  as  described,  on  tlie  basis  of  the  experiments  re¬ 
ported  above,  appears  to  be  well  suited  to  the  study  in  isolated  tis¬ 
sues  of  the  influence  of  hormones,  substrates,  inhibitors  and  many 
other  factors  which  may  be  of  interest  in  nitrogen  metabolism. 

SUMMARY 

A  procedure  has  been  devised  for  the  quantitative  study  of  the 
transfer  of  nitrogen  from  surviving  liver  slices  and  rat  diaphragm  to 
an  artificial  medium  medium  during  incubation.  Under  the  conditions 
described  the  results  obtained  are  highly  reproducible. 
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Evidence  is  presented  that  the  rate  of  release  of  nitrogen  from  the 
tissues  is  a  reflection  of  the  metabolic  activity  of  the  surv-iving  slices. 

A  marked  diminution  was  found  in  the  release  of  total  N  from  and 
the  production  of  amino  N  by,  the  diaphragm  of  adrenalectomized, 
thyroidectomized,  and  hypophysectomized  rats  as  compared  to  un¬ 
operated  animals.  Liver  slices  from  hypophysectomized  and  thyroid¬ 
ectomized  rats  also  liberated  less  total  N  and  formed  less  amino  N 
than  did  normal  liver  slices  whereas  liver  slices  from  adrenalectomized 
rats  were  unaffected. 

The  administration  of  thyroxine  to  thyroidectomized  and  hypo- 
physectomized  rats  and  of  adrenal  cortical  extract  to  adrenalec¬ 
tomized  animals  restored  total  N  release  and  amino  acid  production 
to  or  toward  the  values  obtained  in  unoperated  animals. 
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THE  EFFECT  OF  THE  ADRENAL  AND  THYROID 
GLANDS  UPON  THE  RISE  OF  PLASMA  AMINO 
ACIDS  IN  THE  EVISCERATED  RAT 

PHILIP  K.  BOXDY* 

From  the  Department  of  Physiological  Chemistry, 

Yale  University  School  of  Medicine 
NEW  HAVEN,  CONN. 

The  mechanism  of  action  of  the  adrenal  cortical  hormones  upon 
the  nitrogen  metabolism  has  not  as  yet  been  elucidated.  Previous 
observations  (Engel,  Schiller  and  Pentz,  1949;  Bondy,  Engel  and 
Farrar,  1949)  have  suggested  that  their  chief  action  is  probably  to 
promote  the  breakdown  of  protein  to  amino  acitls,  rather  than  to 
alter  the  rate  of  deamination  of  amino  acids  and  the  formation  of  urea. 
Since  urea  is  formed  chiefly  in  the  liver,  it  seemed  possible  that  fur¬ 
ther  information  bearing  on  this  point  might  be  obtained  by  studying 
the  effects  of  the  adrenocortical  hormones  upon  the  nitrogen  metabo¬ 
lism  of  the  liverless  animal. 

It  has  also  been  shown  (Rupp,  Paschkis  and  Cantarow,  1949)  that 
the  thyroid  exerts  a  protein-catabolic  effect  under  certain  circum¬ 
stances.  Previous  workers  have  suggested  that  this  effect  may  be 
separate  from  the  effect  of  the  adrenal  cortex  (White  and  Dougherty, 
1947).  An  attempt  was  made  to  verify  this  contention  in  the  present 
experiments. 

METHODS 

Adult  male  Sprague-Dawley  rats  weighing  from  300  to  350  gms  were 
used  in  all  experiments.  Adrenalectomy  was  performed  by  the  lumbar  route 
in  one  stage.  Desoxycorticosterone  acetate  pellets  were  implanted  sub¬ 
cutaneously  at  the  time  of  operation.  All  adrenalectomized  animals  were 
eviscerated  within  5  to  8  days  after  adrenalectomy.  The  adrenal  area  was 
examined  after  death,  and  animals  with  accessory  or  residual  adrenal  tissue 
were  discarded.  Thyroidectomy  was  performed  in  the  usual  fashion  under 
ether  anesthesia.  Thyroidectomized  rats  were  offered  calcium  chloride- 
calcium  lactate  mixture  in  their  drinking  fountains.  Thyroxin^  was  admin¬ 
istered  daily  subcutaneously.  Adrenocortical  extract*  was  given  subcutane¬ 
ously  in  three  hourly  doses,  starting  at  the  time  of  evisceration.  All  animals 
were  given  glucose  in  saline  subcutaneously  as  needed  to  maintain  a  normal 
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blood  glucose  level.  Large  doses  of  glucose  were  given  to  two  groups,  by  the 
administration  of  0.5  gm.  of  glucose  as  50%  solution  in  saline  into  the  vena 
cava  at  the  end  of  the  evisceration  procedure. 

Eviscerations  were  carried  out  by  the  technic  of  Russel,  (1942),  which 
removes  the  entire  intestinal  tract  from  esophagus  to  rectum,  including  the 
spleen,  and  ties  off  the  hepatic  artery  and  portal  vein,  thus  isolating  the  liver 
from  the  circulation,  but  leaving  the  organ  in  the  body.  Previous  studies 
have  shown  that  the  liver,  thus  isolated,  is  removed  from  the  body  economy. 
The  animals  were  kept  in  a  constant  temperature  box  after  operation,  and 
their  body  temperature  maintained  at  100  +  1°  F.  The  animals  were  bled 
from  the  tail  one  and  four  hours  after  evisceration  and  the  oxalated  blood 
centrifuged.  Plasma  amino  acid  nitrogen  determinations  were  performed  by 
the  method  of  Frame,  Russell  and  Wilhelmi,  (1943),  and  Russell  (1944). 


The  results  are  shown  in  Table  1.  Adrenalectomy  caused  a  reduc¬ 
tion  in  the  rate  of  rise  of  plasma  amino  acid  nitrogen.  This  reduction 

Table  1.  Effects  of  various  endocrine  manipulations  on  the  rate  of  rise  of 

AMINO  ACID  NITROGEN  IN  THE  PLASMA  OF  THE  EVISCERATED  RAT 

Change  of  Concentration,  mg./lOO  ml.,  from  the  first  to 
the  fourth  hour  after  evisceration 
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cedure  were  investigated  in  the  present  study.  It  was  found  that  the 
increased  accumulation  of  plasma  amino  acid  nitrogen  resulting  from 
0,5  ml.  of  adrenocortical  extract  per  100  gm.  per  liour  could  be  com¬ 
pletely  abolished  by  the  administration  of  0.6  gm.  of  glucose  intra¬ 
venously  at  the  time  of  evisceration. 

Thyroidectomy  also  reduced  the  rate  of  accumulation  of  plasma 
amino  acid  nitrogen.  This  effect  might  have  been  due  to  the  reduced 
activity  of  the  adrenal  cortex  resulting  from  the  general  reduction  of 
metabolism  of  all  tissues  following  thyroidectomy.  In  order  to  test 
this  possibility,  thyroidectomized  animals  were  given  0.1  ml.  of  adre¬ 
nocortical  extract  per  100  gm.  per  hour,  a  dose  sufficient  to  correct 
the  effects  of  complete  adrenalectomy.  This  dosage  of  adrenal  cortical 
substances  failed  to  correct  the  deficit  present  in  the  thyroidectomized 
animals.  Thyroxin,  however,  in  dosage  of  20  ug  per  day  for  7  days, 
completely  corrected  the  deficit. 

DISCUSSION 

The  experiments  with  adrenalectomized  animals,  and  animals 
given  adrenocortical  extract  indicate  that  alterations  of  the  nitrogen 
metabolism  can  be  produced  by  the  adrenal  cortex  in  the  absence  of 
the  liver.  These  observations  are  in  agreement  with  those  of  Ingle, 
Prestrud,  and  Nezamis,  (1948)  upon  adrenalectomized  eviscerated 
rats.  Since  urea  formation  is  essentially  absent  in  the  liverless  animal, 
these  effects  may  be  divorced  entirely  from  deamination  and  urea 
formation.  Protein  breakdown  and  resynthesis,  however,  continue 
to  occur  in  the  absence  of  the  liver  and  gastrointestinal  tract.  The 
present  observations,  therefore,  offer  additional  support  for  the  con¬ 
cept  that  the  action  of  adrenocortical  hormones  is  concerned  with  pro¬ 
tein  breakdown  or  resynthesis,  rather  than  with  the  fate  of  the  amino 
acids  liberated  in  this  process  (Engel,  Schiller  and  Pentz,  1949). 

The  fact  that  glucose  administration  prevented  the  expected  effect 
of  adrenocortical  extract  indicates  that  the  glucose  effect  is  exerted 
peripherally,  rather  than  in  the  liver.  This  is  consistent  with  the  ob¬ 
servations  of  Engel,  Schiller  and  Pentz  (1949)  that  no  correlation 
could  be  observed  between  the  liver  glycogen  levels  and  the  rate  of 
urea  formation  in  nephrectomized  rats.  Apparently  both  the  action  of 
adrenocortical  extract  and  the  antagonistic  effect  of  glucose  occur  in 
the  peripheral  tissues. 

The  protein-conserving  effect  of  thyroidectomy  in  the  fasting 
mouse  has  been  shown  to  be  somewhat  different  from  the  effect  of 
adrenalectomy,  in  that  carcass  protein  is  spared  after  the  removal  of 
either  the  adrenal  or  thyroid  gland,  whereas  sparing  of  lymphoid 
nitrogen  occurs  only  after  removal  of  the  adrenal  (White  and 
Dougherty,  1947).  The  effect  of  adrenal  activity  therefore  appears  to 
be  exerted  both  on  the  carcass  and  on  the  lymphoid  tissue,  whereas 
the  effect  of  the  thyroid  is  primarily  on  the  carcass.  In  the  present 
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experiments,  a  large  portion  of  the  lymphoid  tissue  was  excised  when 
the  spleen  and  mesenteric  lymphatic  tissue  was  removed.  It  seems 
unlikely  that  the  small  amounts  of  lymphoid  tissue  remaining  could 
account  entirely  for  the  observed  rises  of  amino  acid  concentration, 
amounting  to  approximately  45  mg.^  of  protein  in  three  hours.  The 
observations  in  the  eviscerated  animal  therefore  confirm  the  findings 
of  White  and  Dougherty  that  the  mechanisms  of  action  of  thyroid  and 
adrenal  hormones  are  independent,  and  also  offer  additional  evidence 
that  the  effect  of  the  adrenal  hormone  is  exerted  upon  carcass  protein 
as  well  as  upon  the  protein  of  the  lymphatic  system. 

SUMMARY  AND  CONCLUSIONS 

The  effects  of  adrenalectomy,  adrenal  cortical  extract,  thyroidec¬ 
tomy  and  thyroxin  upon  the  plasma  amino  acid  nitrogen  have  been 
studied  in  eviscerated  rats.  Following  removal  of  the  adrenal  glands, 
the  rate  of  rise  of  the  amino  acid  concentration  in  the  plasma  of  evis¬ 
cerated  rats  was  reduced.  This  was  corrected  by  0.1  ml.  of  adreno¬ 
cortical  extract  per  100  gm.  per  hour  for  three  doses.  This  dose  of 
adrenocortical  extract  was  without  effect  in  rats  with  intact  adrenals; 
however  a  dosage  level  five  times  as  high  produced  a  significant  rise. 
This  rise  could  be  abolished  by  the  simultaneous  administration  of 
0.5  gm.  of  glucose  intravenously. 

Thyroidectomy  also  reduced  the  rate  of  rise  of  plasma  amino 
acids.  The  effect  was  independent  of  reduced  adrenal  activity,  since 
0.1  ml.  of  adrenal  cortical  extract  failed  to  correct  it.  Twenty  micro¬ 
grams  of  thyroxin  daily  for  one  week  restored  the  rate  to  normal. 

The  protein-catabolic  effects  of  the  adrenal  cortex  and  the  thy¬ 
roid  gland  do  not  require  the  presence  of  the  liver  and  therefore  are 
not  primarily  associated  with  alterations  in  the  rate  of  urea  formation. 
The  adrenal  cortical  effects  are  antagonized,  in  the  absence  of  the 
liver,  by  adequate  amounts  of  glucose.  The  thyroid  protein-catabolic 
effects  are  independent  of  the  adrenal  gland. 
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THE  EFFECTS  OF  HYPOPHYSECTOIMY,  ADRE¬ 
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The  present  investigation  concerns  the  relation  of  the  pituitary, 
adrenal,  and  thyroid  glands  to  so-called  “brown  fat.”  This  tissue  was 
formerly  considered  to  be  a  gland  of  internal  secretion  but  is  now  gen¬ 
erally  regarded  as  a  form  of  adipose  tissue.  Its  embryological  relation¬ 
ship  to  ordinary  fat  is  poorly  understood  and  its  functional  significance 
is  unknown,  but  its  gland-like  appearance  and  unusually  rich  blood 
supply  suggest  that  it  is  metabolically  more  active  than  ordinary 
depot  fat  (Fawcett,  ’48).  This  belief  has  been  strengthened  by  bio¬ 
chemical  studies  which  reveal  that  brown  adipose  tissue  has  a  more 
rapid  rate  of  phosphorus  turnover  (Littrell,  Martin  and  Hartman, 
’44)  and  a  much  greater  oxygen  consumption  than  white  fat  (Hook 
and  Barron,  ’41;  Mirski,  ’42). 

A  relationship  between  the  endocrine  glands  and  adipose  tissue 
has  long  been  inferred  from  the  marked  sex  differences  in  fat  distri¬ 
bution  in  humans  and  from  clinical  observations  on  the  association  of 
obesity  with  certain  disorders  of  the  pituitary  and  adrenal  glands. 
However,  animal  experiments  until  recently  have  yielded  little  evi¬ 
dence  of  an  effect  of  these  glands  on  the  fat  depots  themselves.  We 
have  studied  the  cytology  of  the  interscapular  brown  fat  of  rats  and 
mice  after  hypophysectomy,  after  adrenalectomy  and  after  thiouracil 
feeding  on  the  assumption  that  structural  changes  may  be  correlated 
with  alterations  of  functional  activity. 

MATERIALS  AND  METHODS 

Mice  of  the  “Swiss”  albino  strain  were  used.  Except  where  otherwise 
specified,  all  were  virgin  females  40  to  45  days  old  at  the  beginning  of  the  ex¬ 
periments.  In  all,  approximately  50  mice  were  used  divided  into  the  following 
groups.  (1)  Nine  untreated  normal  mice  served  as  controls.  (2)  Seven  mice 
were  injected  intraperitoneally  with  adrenocorticotrophin  (Armour — lot 
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42B)^,  1  mg.  per  day  in  three  divided  doses  for  12  days.  (3)  Seven  young  fe¬ 
males  hypophysectomized  for  9  to  14  days  and  three  adult  males  hypophy- 
sectomized®  for  30  days.  (4)  Twelve  hypophysectomized  mice  were  injected 
with  adrenocorticotrophin ;  four  receiving  0.6  mgm.  daily  for  6  days;  four 
0.75  mgm.  daily  for  8  days;  and  four,  1  mg.  per  day  for  12  days.  (5)  Four 
hypophysectomized  mice  were  injected  subcutaneously  with  pituitary 
gonadotrophin  (Armour — lot  FW-234);  two  receiving  1  mg.  per  day  for  7 
days  and  two  receiving  1.5  mg.  per  day  for  13  days.  (6)  Nine  mice  were 
adrenalectomized  for  9  to  10  days  and  maintained  on  0.9%  sodium  chloride 
in  their  drinking  water. 

Twelve  rats  of  the  Sprague-Dawley  strain  were  used.®  Of  these,  six  were 
hypophysectomized  when  25  days  old  and  maintained  for  106  days  on  a  high 
carbohydrate  purified  ration  ( Ration  100  of  Shaw  and  Creep,  ’49).  Six 
were  unoperated  controls  on  the  same  purified  ration  for  120  days.  Four  rats 
were  adrenalectomized  and  received  0.9%  NaCl  in  their  drinking  water. 

Two  adult  female  rats  of  the  Long  Evans  strain  were  started  on  thioura- 
cil,  0.1%  in  their  drinking  water  one  week  before  parturition  and,  together 
with  their  litters,  comprising  14  male  and  female  rats,  were  kept  on  thioura- 
cil  for  10  to  16  weeks. 

The  interscapular  brown  fat  of  all  the  above  animals  was  fixed  in  10% 
neutral  formalin  and  studied  in  5  micra  paraffin  sections  stained  with 
hematoxyhn  and  eosin  or  with  eosin  and  methylene  blue  using  Putt’s  (’48) 
modification  for  formalin-fixed  material.  In  a  few  instances  frozen  sections 
were  also  made  and  stained  by  Baker’s  (’46)  acid  haematein  method  for 
phospholipins. 


INTRODUCTORY  REMARKS 

The  interscapular  brown  adipose  tissue  of  rodents  is  readily  distinguished 
from  the  overlying  subcutaneous  fat  both  grossly  and  in  histological  sections. 
Brown  fat  cells  are  smaller  than  ordinary  fat  cells  and  possess  conspicuously 
more  cytoplasm.  Instead  of  a  large  single  droplet  these  cells  contain  multiple 
droplets  of  lipid.  There  are  usually  two  or  three  vacuoles  in  each  cell  which 
are  fairly  large  and  several  of  smaller  size  (figs.  1  and  5).  In  extremely 
obese  animals  these  hpid  droplets  coalesce,  becoming  fewer  in  number  and 
larger  in  size  so  that  the  brown  adipose  tissue  may  come  to  resemble  ordi¬ 
nary  fat  (fig.  3).  In  extreme  inanition,  when  the  lipids  have  been  exhausted 
from  the  fat  depots,  ordinary  subcutaneous  fat  loses  its  identity,  apparently 
reverting  to  areolar  tissue.  On  the  other  hand,  the  brown  adipose  tissue  under 
these  conditions  persists  as  lobules  of  epithelioid  cells  bearing  little  or  no 
resemblance  to  connective  tissue. 


*  We  wish  to  thank  Dr.  Peter  H.  Forsham  of  the  Peter  Bent  Brigham  Hospital  for 
the  supply  of  adrenocorticotrophin  (Armour)  and  the  Armour  Company  for  the 
pituitary  gonadotrophin. 

*  Hypophysectomy  was  performed  by  the  parapharyngeal  approach.  The  term 
“hypophysectomy”  is  used  in  this  paper  to  mean  that  the  anterior  and  intermediate 
lobes  are  removed.  For  details  concerning  the  technique  of  hypophysectomy  and  an 
analysis  of  the  adrenocorticotrophin  and  pituitary  gonadotrophin  preparations  see 
paper  by  Jones,  '49. 

*  We  are  indebted  to  Drs.  James  H.  Shaw  and  Roy  O.  Creep  of  the  Harvard  School 
of  Dental  Medicine  for  the  opportunity  to  study  the  brown  adipose  tissue  of  these  rats. 
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OSBERVATIONS 

Effect  of  hypophysectomy.  Following  hypophysectomy  the  cells  of 
the  brown  fat  gradually  lost  most  of  their  stored  lipid.  The  few  large 
lipid  vacuoles  found  in  the  normal  animal  (fig.  1)  gave  way  to  a  greater 
number  of  fat  droplets  of  small  size.  These  in  turn  became  progres¬ 
sively  smaller  until  the  cells  ultimately  appeared  devoid  of  lipid. 
When  reduced  to  this  condition,  the  brown  fat  was  a  compact,  highly 
vascular  tissue  of  polygonal  cells  with  centrally  situated,  rounded 
nuclei  (figs.  2,  6,  and  7).  Although  the  white  adipose  tissue  also  under- 
w’ent  considerable  fat  loss,  there  is  no  doubt  that  it  was  less  specifi¬ 
cally  affected  by  hypophysectomy  than  was  the  brow  n  fat.  Hypophy- 
sectomized  animals  are  generally  thought  to  be  in  poor  nutritional 
condition,  and  the  cytological  changes  in  brown  fat  after  hypophy¬ 
sectomy  were  similar  to  those  observed  during  starvation.  Neverthe¬ 
less,  it  was  possible  to  show  that  the  changes  resulting  from  hypophy¬ 
sectomy  cannot  be  attributed  simply  to  inanition. 

Shaw  and  Greep  (’49)  recently  investigated  the  relation  of  diet  to 
the  w'eight,  body  composition  and  duration  of  survival  of  hypophy- 
sectomized  rats.  It  was  shown  in  their  study  that  when  fed  on  rat 
chow',  not  more  than  10%  of  hypophysectomized  rats  survived 
beyond  45  days.  However,  when  similar  rats  w’ere  maintained  on  their 
purified  rations  (Ration  100  and  Ration  150),  60  to  70%  survived  88 
to  112  days.  We  were  fortunate  in  having  the  opportunity  to  study 
adipose  tissue  from  both  normal  and  hypophysectomized  rats  main¬ 
tained  on  these  purified  diets  for  over  100  days.  The  rats  in  both 
groups  were  exceptionally  fat  animals.  There  were  heavy  deposits  of 
subcutaneous  fat  and  the  brown  fat  in  the  interscapular  region  and 
along  the  great  vessels  in  the  thorax  was  unusually  abundant.  Rela¬ 
tively  little  difference  was  noted  betw^een  the  hypophysectomized 
and  intact  rats  in  the  abundance  or  gross  appearance  of  the  brown 
fat.  Nevertheless,  histological  sections  revealed  striking  differences 
in  the  microscopic  appearance  of  the  brown  fat  in  the  two  groups.  In 
the  control  animals,  most  of  the  cells  contained  one  or  tw  o  very  large 
fat  vacuoles  (fig.  3),  while  in  the  hypophysectomized  rats  the  lipid 
occurred  in  numerous  small  droplets  (fig.  4).  Thus,  the  characteristic 
cytological  changes  in  brown  adipose  tissue  which  result  from 
hypophysectomy  are  mitigated  but  not  prevented  by  maintaining  the 
animals  on  high  caloric  purified  diets. 

Effect  of  Adrenalectomy.  After  adrenalectomy  in  both  rats  and 
and  mice,  the  brown  fat  was  depleted  of  stored  lipid  and  underwent 
alterations  in  histological  appearance  similar  to  those  occurring  after 
hypophysectomy  (figs.  9  and  10).  Schiffer  and  Wertheimer  (’47)  have 
shown  that  the  decrease  in  fat  stores  after  adrenalectomy  is  not  due 
to  loss  of  appetite  alone,  for  adrenalectomized  rats  show  a  more  ex¬ 
tensive  loss  of  body  fat  than  pair-fed,  sham-operated  controls. 
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Experiments  undertaken  with  mice  to  test  further  the  relationship  . 
of  the  pituitary  and  adrenal  glands  to  brown  adipose  tissue  are  sum¬ 
marized  in  Tables  1  and  2.  A  subjective  evaluation  was  made  of  the 
amount  of  lipid  in  histological  sections  of  the  interscapular  fat  of  the 
mice  and  values  from  0  to  5  plus  were  assigned.  The  brown  fat  of  nor¬ 
mal  mice  (Table  1-A)  was  rich  in  stored  lipid  (fig.  5)  and  showed  rela¬ 
tively  little  variation. 

Administration  of  adrenocorticotrophic  hormone.  Administration  of 
adrenocorticotrophic  hormone  to  intact  mice  (Table  1-B)  had  little 
apparent  effect  upon  brown  adipose  tissue.  It  appeared  to  contain  the 
same  amount  of  lipid  or  perhaps  slightly  more  than  it  did  in  untreated 
controls.  In  9  to  14  days  after  hypophysectomy  (Table  2-A),  stored 
lipid  was  markedly  diminished  (fig.  6)  and  after  30  days  it  was  almost 
entirely  lacking  (fig.  7).  However,  the  daily  injection  of  adrenocorti¬ 
cotrophic  hormone  into  hypophysectomized  mice  (Table  2-B)  com¬ 
pletely  prevented  these  changes  and  maintained  the  normal  compli¬ 
ment  of  stored  lipids  (fig.  8).  Injection  of  a  pituitary  gonadotrophic 
preparation  had  no  such  effect.  (Table  2-C).  This  preparation  served 
as  a  control  for  the  adrenocorticotrophin  because  the  two  extracts  con¬ 
tained  the  same  contaminants  and  differed  only  in  their  active  princi¬ 
pals. 

Hence,  it  is  concluded  that  hypophysectomy  produces  its  effects 
upon  the  interscapular  fat  by  eliminating  the  normal  functional  stimu¬ 
lus  to  the  adrenal  cortex,  and  adrenal  cortical  activity  is  apparently 
required  for  the  maintenance  of  the  normal  histological  structure  of 
brown  adipose  tissue. 

Effect  of  thiouracil.  Littrell  (’48)  reported  that  administration  of 
thiouracil  to  rats  brought  about  a  marked  decrease  in  size  and  an 
increase  in  the  number  of  fat  globules  in  the  cells  of  brown  fat.  These 
findings  were  entirely  confirmed  in  the  present  investigation  in  which 
16  rats  received  0.1%  thiouracil  in  their  drinking  water  for  varying 
periods  up  to  4  months.  In  the  brown  fat  of  these  animals,  the  ma- 

Plate  1.  Description  of  figures 

Fig.  1.  Photomicrograph  of  interscapular  brown  fat  (below)  and  adjacent  white 
fat  (above)  from  a  normal  adult  rat  fed  on  rat  chow.  The  cells  of  the  brown  adipose 
tissue  are  relatively  rich  in  cytoplasm  and  contain  multiple  fat  droplets.  Hematoxylin 
and  eosin.  X300. 

Fig.  2.  Interscapular  fat  from  a  rat  hypophysectomized  10  days  and  fed  on  rat 
chow.  The  fat  droplets  have  disappeared  from  the  brown  fat  in  the  lower  half  of  the 
figure  while  the  overlying  white  fat  has  retained  its  normal  appearance.  Hematoxylin 
and  eosin.  X290. 

Fig.  3.  Brown  fat  of  a  normal  rat  fed  on  a  high  carbohydrate  purified  diet  (Ration 
100)  for  125  days.  Lipid  droplets  in  many  of  the  cells  have  coalesced  to  form  single 
large  fat  vacuoles,  so  that  the  brown  fat  re.sembles  white  fat.  Eosin  and  methylene 
blue.  X385. 

Fig.  4.  Brown  fat  of  an  hypophysectomized  rat  maintained  for  106  days  on  the 
high  carbohydrate  purified  diet.  Lipid  droplets  are  numerous  but  very  small,  compared 
to  those  in  the  brown  fat  of  the  normal  animal  on  same  diet  (fig.  3).  Eosin  and  methy¬ 
lene  blue.  X385. 
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Table  1 
A.  Normal  mice 


Number 

.  Age 
in  days 

Days 

post-op. 

Treatment 

Fat  content 
interscapular 
fat 

II/9  #  9 

55-60 

— 

— 

-|--t-  +  +  + 

7 

55-60 

— 

— 

+  +  +  +  + 

6 

55-60 

— 

— 

+  +  +  + 

5 

55-60 

— 

— 

+  +  +  +  + 

32 

55-60 

— 

— 

+  +  -1-  + 

34 

55-60 

— 

— 

+  +  +  + 

40 

55-60 

— 

— 

+  +  +  +  + 

16 

47 

— 

— 

+  +  +  + 

20 

47 

— 

— 

+  +  +  + 

B.  Normal  mice  injected  with  adrenocorticotrophic  hormone  (ACTH) 


II/9  #26 

55-60 

— 

1.0  mg. 

+  +  +  +  + 

37 

55-60 

— 

12  days 

+  +  +  + 

29 

55-60 

— 

12  days 

+  +  +  +  + 

30 

55-60 

— 

12  days 

+  +  -1-4-  4- 

38 

55-60 

— 

12  days 

4-  +  +  +  + 

33 

55-60 

— 

12  days 

4-  4-  4-  4-  + 

36 

55-60 

— 

12  days 

+++++ 

jority  of  the  cells  gradually  lost  their  large  fat  vacuoles  and  took  on 
a  foamy  appearance  owing  to  the  presence  of  large  numbers  of  fine 
lipid  droplets  in  their  cytoplasm  (fig.  13).  In  some  animals  very 
little  lipid  remained  in  the  brown  fat  while  the  white  fat  appeared 
scarcely  affected  and  retained  its  normal  histological  appearance 
(fig.  15).  Scattered  through  the  brown  fat  were  cells  which  were  ex¬ 
ceptional  in  that  they  contained  a  single  enormous  fat  vacuole  (figs. 
12, 13  and  14).  These  unilocular  fat  cells  occurring  singly  or  in  small 
groups,  were  especially  abundant  at  the  periphery  of  the  lobules  and 
tended  to  be  more  numerous  in  older  rats  on  thiouracil  than  in  young 
animals.  It  is  impossible  to  state  whether  these  were  atypical  brown 
fat  cells  or  whether  they  represent  an  infiltration  of  the  brown  adipose 
tissue  by  ordinary  fat  cells. 

The  cytological  changes  in  brown  adipose  tissue  resulting  from 
thiouracil  administration  resembled  those  which  follow  hypophysec- 
tomy  and  adrenalectomy.  They  tended,  however,  to  be  less  severe  and 
took  much  longer  to  develop.  Approximately  three  months  on  thioura- 


Plate  2.  Description  of  figures 

Fig.  5.  Intcrscapular  brown  fat  of  a  normal  mouse  is  rich  in  stored  lipid  (4  plus). 
Eosin  and  methylene  blue.  X385. 

Fig.  6.  Brown  adipose  tissue  from  a  mouse  hypophysectomized  9  days.  Lipid 
vacuoles  are  still  present  but  very  much  reduced  in  size.  (2  plus).  Eosin  and  methylene 
blue.  X385. 

Fig.  7.  Brown  fat  of  a  mouse  hypophysectomized  14  days.  The  cells  appear  to  be 
devoid  of  lipid  droplets.  Eosin  and  methylene  blue.  X385. 

Fig.  8.  Interscapular  fat  of  a  mouse  hypophysectomized  14  days  but  injected  daily 
for  12  days  with  adrenocorticotrophic  hormones.  The  cells  have  retained  their  normal 
compliment  of  stored  lipids  (5  plus).  Eosin  and  methylene  blue.  X385. 
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Table  2 


A.  Hypopbysectomized  mice 


Number 

Age 
in  days 

Days 

post-op. 

Treatment 

Fat  content 
interscapular 
fat 

II /9  #22 

14 

— 

+  + 

53 

14 

— 

+  +  + 

II/4  12 

47 

9 

— 

-1- 

13 

47 

9 

— 

+ 

11/23  2 

50 

— 

3 

— 

8 

— 

+  4* 

II /Sp  1 

adult 

— 

2 

adult 

— 

3 

adult 

30 

— 

0 

B.  Hypophysectomized  mice  injected  with  adrenocorticotrophic  hormone 


II/4  #1 

47 

9 

.6  mg.  6  days 

+  +  +  + 

3 

47 

9 

.6  mg.  6  days 

+  +  +  + 

9 

47 

9 

.6  mg.  6  days 

+  +  +  +  + 

14 

47 

9 

.6  mg.  6  days 

+  +  +  + 

II/9  3 

14 

1.0  mg.  12  days 

+  +  +  + 

14 

14 

1.0  mg.  12  da}rs 

+  +  +  +  + 

20 

14 

1.0  mg.  12  days 

+  +  +  +  + 

27 

14 

1.0  mg.  12  days 

+  +  +  -1- 

11/23  1 

.75  mg.  8  days 

+  +  ++ 

2 

.75  mg.  8  days 

+  + 

3 

.75  mg.  8  days 

+  +  + 

.75  mg.  8  days 

+  +  +  + 

C.  Hypophysectomized  mice  injected  with  pituitary  gonadotropin 


II/4  #2 

47 

9 

1  mg.  7  days 

+ 

2 

47 

9 

1  mg.  7  days 

+ 

11/21  2 

60 

14 

1.5  mg.  13  days 

5 

60 

14 

1.5  mg.  13  days 

0 

cil  were  required  to  produce  changes  of  the  same  degree  as  those  found 
within  ten  days  after  adrenalectomy. 

DISCUSSION 

The  observations  reported  here  suggest  that  diminished  adrenal 
cortical  function,  whether  as  a  result  of  adrenalectomy  or  hypophy- 
sectomy,  is  followed  by  a  depletion  of  the  fat  depots.  This  loss  of 
lipid  appears  to  be  greater  in  brown  fat  than  in  ordinary  adipose 


Plate  3.  Description  of  figures 

Fig.  9.  Brown  fat  of  a  mouse  adrenalectomized  for  10  days.  Numerous  lipid  drop¬ 
lets  persist  but  they  are  very  much  reduced  in  size.  Eosin  and  methylene  blue.  X385. 

Fig.  10.  Brown  adipose  tissue  of  a  rat  adrenalectomized  for  10  days.  Lipid  droplets 
have  nearly  disappeared.  Hematoxylin  and  eosin.  X500. 

Figs.  11  and  12.  Frozen  sections  of  interscapular  fat  stained  by  Baker’s  acid 
haematein  method  for  phospholipids.  X95.  In  the  normal  rat  (fig.  11)  the  cytoplasm 
of  the  fat  cells  stains  very  intensely  because  it  is  rich  in  phospholipid.  The  neutral  fat 
appears  as  colorless  vacuoles.  In  the  thiouracil  treated  rat  (fig.  12;)  phospholipid  is  still 
abundant  but  the  bulk  of  the  neutral  fat  is  gone.  Scattered  through  the  lobules  are 
certain  exceptional  cells  which  contain  a  single  very  large  fat  droplet. 
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tissue.  It  is  not  possible  to  state  whether  the  loss  of  adrenal  cortical 
activity  affects  these  changes  through  impaired  fat  absorption  from 
the  alimentary  tract,  diminished  fat  deposition  in  adipose  tissue  or 
interference  with  fat  mobilization  and  transport.  Or,  on  the  other  hand 
whether  the  reduction  of  body  fat  reserves  is  an  indirect  result  of  the 
effects  of  adrenalectomy  on  carbohydrate  utilization. 

Decreased  intestinal  absorption  of  fat  after  adrenalectomy  was 
reported  by  Laszt  and  Verzar  (’36)  but  this  has  not  been  confirmed. 
Indeed,  subsequent  studies  have  shown  that  adrenalectomy  does  not 
influence  the  absorption  of  fat  in  rats,  provided  the  intake  of  food  is 
adequate  and  the  animals  are  maintained  with  sodium  chloride  in  the 
drinking  water  (Clark  and  Week,  ’39).  Neither  is  there  any  good  evi¬ 
dence  that  the  rate  of  deposition  of  absorbed  dietary  fat  is  reduced  by 
adrenalectomy.  Tracer  experiments  reveal  that  adrenalectomized 
rats  are  capable  of  incorporating  elaidic  acid  into  their  depot  fat  as 
rapidly  as  controls  (Schiffer  and  Wertheimer,  ’47).  Nevertheless,  a 
high  fat  diet  does  not  prevent  extensive  loss  of  body  fat  after  adre¬ 
nalectomy.  Experimental  procedures  which  result  in  accumulation  of 
fat  in  the  hvers  of  normal  animals  fail  to  do  so  in  the  absence  of  ad¬ 
renals.  This  has  been  cited  as  evidence  of  a  disturbance  of  fat  mobili¬ 
zation  after  adrenalectomy.  If  this  interpretation  w'ere  correct,  the 
fat  depots  of  adrenalectomized  animals  would  be  expected  to  retain 
their  stored  lipid.  Experience,  however,  shows  that  they  do  not. 
Hence,  the  available  experimental  evidence  seems  to  indicate  that  the 
adrenals  do  not  affect  depot  fat  by  any  influence  on  fat  absorption, 
deposition,  or  mobilization. 

Baker  et  al.,  (’48)  reported  that  injection  of  adrenocorticotrophin 
into  normal  rats  causes  a  deposition  of  fat  in  the  liver.  This  lipotropic 
effect  of  the  hormone  was  found  to  be  still  more  marked  if  the  animals 
were  fed  a  high  carbohydrate  diet.  It  was  suggested  that  adrenocorti¬ 
cotrophin,  through  its  stimulation  of  the  adrenal  cortex  brought  about 
an  increased  capacity  of  the  liver  to  utilize  carbohydrate  and  convert 
it  to  fat.  It  is  possible  that  the  influence  of  the  adrenals  on  the  fat 
depots  may  largely  be  secondary  to  its  role  in  carbohydrate  metabo¬ 
lism  and  fat  synthesis. 

There  is  now  considerable  experimental  evidence  that  the  syn- 


Plate  4.  Description  op  figures 

Fig.  13.  Interscapular  brown  fat  of  an  adult  rat  given  thiouracil  for  three  and  one 
half  months.  The  lipid  droplets  in  most  of  the  cells  are  more  numerous  than  normal  but 
very  small.  A  few  cells  contain  instead  a  single  very  large  fat  droplet.  Eosin  and  methy¬ 
lene  blue.  X385. 

Fig.  14.  Brown  adipose  tissue  from  an  adult  rat  which  received  thiouracil  3  months. 
Occasional  unilocular  fat  cells  are  found,  but  the  majority  of  the  cells  appear  to  lack  lipid 
vacuoles.  Hematoxylin  and  eosin.  X385. 

Figs.  15  and  16.  Interscapular  fat  from  two  young  rats  on  thiouracil  for  three  and 
one  half  months.  The  brown  fat  contains  very  little  lipid  while  the  area  of  white  fat 
shown  in  the  upper  half  of  fig.  15  appears  normal.  Eosin  and  methylene  blue.  X385. 
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thesis  of  fat  from  carbohydrate  may  take  place  to  some  extent  in 
adipose  tissue  as  well  as  in  the  liver  (Wertheimer  and  Shapiro,  ’48). 
Insulin  administration  and  other  experimental  procedures  which  favor 
the  rapid  conversion  of  dietary  carbohydrate  to  depot  fat  also  cause 
deposition  of  rather  large  amounts  of  glycogen  in  adipose  tissue,  par¬ 
ticularly  in  the  brown  fat  (Wertheimer,  ’45;  Fawcett,  ’48).  It  has 
been  shown  that  the  breakdown  of  this  glycogen  in  adipose  tissue 
yields  very  little  glucose  (Mirski,’  42).  It  has  been  suggested,  there¬ 
fore,  that  the  glycogen  is  degraded  to  smaller  units  which  may  be 
used  by  the  fat  cells  for  the  synthesis  of  fatty  acids  (Renold,  Marble 
and  Fawcett,  ’49)  Minimal  amounts  of  glycogen  are  found  in  the  fat 
cells  of  adrenalectomized  rats  under  conditions  which  normally  cause 
marked  glycogen  deposition  (Tuerkischer  and  Wertheimer,  ’42). 
Hence,  adrenalectomy  may  affect  the  fat  depots  indirectly  by  im¬ 
pairing  glycogen  deposition  in  the  liver  and  in  the  adipose  tissues, 
thus  interfering  with  both  hepatic  and  extra-hepatic  synthesis  of 
fat  from  carbohydrate.  At  best,  this  explanation  would  account  for 
only  part  of  the  loss  of  body  fat  which  occurs  after  adrenalectomy. 
It  leaves  entirely  unexplained  two  of  Schiffer  and  Wertheimer’s 
findings,  namely  the  fact  that  a  high  fat  diet  does  not  prevent  fat 
loss  after  adrenalectomy  and  that  desoxycorticosterone  does  prevent 
it,  as  well  as  whole  cortical  extract.  Certainly  in  the  present  state  of 
our  knowledge  concerning  the  physiology  of  adipose  tissue  and  the 
metabolic  functions  of  the  endocrine  system,  we  can  do  little  more  than 
speculate  as  to  the  mechanism  by  which  the  adrenals  affect  the  fat 
reserves  in  adipose  tissue. 

The  results  of  thiouracil  feeding  on  the  cytology  of  brown  adipose 
tissue  are  in  accord  with  the  findings  of  MacKay  and  Sherrill  (’41) 
that  hypothyroidism  in  the  rat  results  in  a  marked  reduction  in  the 
amount  of  body  fat.  This  effect  may  be  mediated  by  the  adrenals 
via  the  pituitary.  Deane  and  Creep  (’47)  have  demonstrated  that  in 
rats  fed  thiouracil,  the  zona  fasciculata  of  the  adrenal  cortex  gradu¬ 
ally  atrophies  and  shows  changes  indicative  of  loss  of  function.  The 
slower  development  of  the  changes  in  the  brown  fat  of  rats  on  thioura¬ 
cil  may  be  dependent  on  the  gradual  decline  of  adrenal  cortical  func¬ 
tion  which  is  associated  with  hypothyroidism. 

SUMMARY 

In  rats  and  mice  after  hypophysectomy  or  adrenalectomy  the 
brown  adipose  tissue  rapidly  becomes  depleted  of  its  stored  lipids. 
The  fat  droplets  in  the  cells  are  transiently  increased  in  number 
while,  at  the  same  time,  they  are  gradually  reduced  in  size.  The 
brown  fat  is  finally  reduced  to  lobules  of  coarsely  granular  epithelioid 
cells  which  appear  to  contain  little  or  no  lipid.  Daily  injections  of 
adrenocorticotrophin  prevent  the  development  of  these  cytological 
changes  in  the  brown  fat  of  hypophysectomized  mice.  It  is  concluded, 
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therefore,  that  the  maintenance  of  the  normal  compliment  of  lipid 
in  brown  adipose  tissue  depends  upon  the  functional  integrity  of  the 
adrenal  cortex.  The  pituitary  apparently  exercises  its  effects  upon 
this  tissue  through  its  regulation  of  adrenal  cortical  activity. 

Prolonged  ingestion  of  thiouracil  by  rats  results  in  histological 
alterations  in  their  brown  fat  which  are  similar  to  those  seen  after 
hypophysectomy  or  adrenalectomy.  These  changes  develop  slowly 
and  may  depend  upon  the  gradual  atrophy  of  the  adrenal  cortex 
which  results  from  chronic  administration  of  thiouracil. 
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NOTES  AND  COMMENTS 


HYALURONIDASE  CONTENT  IN  TESTES  FROM  RATS 
TREATED  WITH  TESTOSTERONE  PROPIONATE>  * 

McClean  and  Rowlands  (1942)  showed  that  hyaluronidase  was  capable 
of  dispersing  the  corona  radiata  cells  surrounding  the  egg  without  causing 
damage  to  it.  The  hyaluronidase  content  of  the  semen  is  proportional  to 
the  number  of  spermatozoa  (Eichenberger,  1945;  Werthessen  et  al.,  1945; 
Kurzrok  et  al.,  1946;  Sherber  et  al.,  1948;  Riisfeldt,  1949  a),  and  it  cannot  be 
questioned  that  it  plays  a  decisive  part  in  the  physiology  of  fertilization. 
Since  the  hyaluronidase  content  of  the  semen  is  so  closely  related  to  the 
number  of  spermatozoa,  its  formation  in  the  testes  must  be  associated  with 
the  spermatogenesis,  but  so  far  we  have  not  obtained  a  detailed  knowledge 
of  the  process  of  its  formation  during  the  spermatogenesis. 


Table  1.  Hyaluronidase  activity  in  rat  testes  following  injection  of 

TESTOSTERONE-PROPIONATE  (PeRANDREN).  ThE  RATS  ARE  3  MONTHS  OLD 


Dosage  of  perandren 

No.  of 
rats 

Hyaluronidase  per  gm.  wet 
tissue  (V.R.U.) 

Range 

i 

Mean 

value 

i  mg.  twice  a  week 

5 

230-265 

254 

Treated  for 

i  mg.  twice  a  week 

5 

242-286 

268 

2  weeks 

1  mg.  twice  a  week 

5 

235-316 

275 

! 

2  mg.  twice  a  week 

5 

258-354 

318 

i  mg.  twice  a  week 

5 

310-362 

344 

Treated  for 

i  mg.  twice  a  week 

5 

304-378 

348 

4  weeks 

1  mg.  twice  a  week 

5 

338-490 

444 

2  mg.  twice  a  week 

5 

336-472 

432 

No  treatment 

15 

164-210 

186 

While  Sprunt  et  al.  (1939)  found  only  negligible  amounts  of  hyaluronidase 
in  testes  from  immature  and  cryptorchid  rats,  Leonard  et  al.  (1948)  were 
able  to  demonstrate  that  the  formation  began  before  the  animals  were  full- 
grown,  and  Riisfeldt  (1949  b)  showed  that  it  was  possible  to  demonstrate 
the  presence  of  hyaluronidase  simultaneously  with  the  appearance  of 
spermatocytes,  and  that  the  amount  of  hyaluronidase  increased  with  the 
number  of  spermatocytes  and  the  further  progress  of  the  spermatogenesis. 

The  object  of  the  present  study  was  to  examine  whether  the  hyaluroni¬ 
dase  content  of  the  testes  is  affected  by  hormones,  and  in  the  experiments 
described  testosterone  propionate  (Perandren  Merck)  was  used  because  of 
its  effect  on  the  epithelium  of  the  testes.  However,  some  diversity  of  opinion 

Received  for  publication  September  10,  1949. 
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*  Testosterone  propionate  in  the  form  of  Perandren  has  been  placed  at  my  disposal 
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exists  as  to  this  effect,  which  also  depends  on  the  age  of  the  animal  and  the 
dosage. 

Rubinstein  and  Kurland  (1941)  found  an  increased  proliferation  of  the 
epithelium  after  administration  of  small  doses  of  testosterone  propionate, 
while  degeneration  occurred  after  injection  of  doses  of  2.5  mg.  daily. 

In  the  present  study  55  Wistar  rats  were  used,  1 5  of  which  served  as  con¬ 
trols.  The  rats  were  3  months  old.  The  dosage  of  testosterone  propionate  is 
seen  from  Table  1. 


TECHNIQUE 

From  each  rat  testis  a  piece  of  tissue  was  removed  for  histologic  examina¬ 
tion  when  the  treatment  was  concluded,  and  the  remaining  tissue  was  used  for 
the  viscosimetric  determination  of  the  hyaluronidase  content.  A  detailed 
description  of  the  technique  of  viscosimetric  assay  of  the  hyaluronidase 
content  of  testicular  tissue  has  been  given  in  a  previous  publication  (Riis- 
feldt,  1949  c).  Viscosity  reducing  units  (V.R.U.)  were  used  in  the  measur- 
ment  of  the  hyaluronidase. 


RESULTS 

With  the  doses  of  testosterone  propionate  used  an  increased  proliferation 
of  the  germinal  epithelium  was  found  in  all  cases;  there  was  an  increased 
number  of  mitoses  and  spermatocytes,  while  no  changes  in  Leydig’s  cells 
were  demonstrable.  In  testes  from  rats  which  had  been  treated  for  four  weeks 
the  proliferation  was  most  intense. 

From  Table  1  it  appears  that  all  the  rats  which  had  been  treated  with 
testosterone  propionate  for  two  weeks  had  a  higher  amount  of  hyaluronidase 
in  their  testes  than  the  average  of  the  controls,  even  though  the  values  for 
some  testes  were  lower  than  the  maximum  values  among  the  controls.  Rats 
treated  for  four  weeks  showed  a  hyaluronidase  content,  which  was  con¬ 
siderably  higher  than  that  of  the  controls  and  that  of  rats  treated  for  two 
weeks. 

The  increa.sed  proliferation,  which  involves  a  larger  number  of  cells  in 
the  testes,  thus  conditions  a  higher  content  of  hyaluronidiise  per  gram 
tissue.  It  is  impossible  to  decide  whether  the  content  of  the  individual  cells 
is  higher  than  that  of  untreated  cells.  However,  the  increased  number  of  cells 
alone  is  sufficient  to  account  for  the  higher  content  of  hyaluronidase,  and  it 
may  reasonably  be  supposed  that  the  explanation  is  to  be  found  here. 

SUMMARY 

It  is  shown  that  the  hyaluronidase  content  in  testes  from  rats  treated 
with  testosterone  propionate  is  higher  than  that  of  testes  from  untreated 
:  rats. 

OvE  Riisfeldt,  M.D. 

From  the  Surgical  University  Clinic  {Chief:  Professor  Aa^e  Nielsen,  M.D., 

deed.)  and  the  Research  Laboratories  of  the  Radium  Centre  {Chief:  Professor 

C.  Krebs,  M.D.),  the  University  of  Aarhus,  Denmark. 

REFERENCES 

Eichbnberger,  E.:  Gynaecologia  121:  288,  1946. 

Kurzrok,  II.,  S.  L.  Leonard  and  II.  Conrad:  Am.  J.  M.  Sr.  1:  491.  1946. 

1 

t 


624 


BARKER,  KIELY,  JR.  AND  LIPNER 


Volume  45 


Leonard,  S.  L.,  P.  L.  Perlman  and  R.  Kurzrok:  Endocrinology  42:  176.  1948. 
McClean,  D.,  and  I.  W.  Rowlands:  Nature.  London.  150:  627.  1942. 

Riisfeldt,  O.:  Acta  Endocrinologica,  1949  (In  press). 

Riisfeldt,  O.:  Nord.  med.,  42:  1892  1949a. 

Riisfeldt,  O.:  Nature,  London,  163:  874.  1949. 

Rubinstein,  H.  S.,  and  A.  A.  Kurland:  Endocrinology  27:  461.  1940. 

Rubinstein,  H.  S.,  and  A.  A.  Kurland:  Endocrinology  28:  495.  1941. 

Sherber,  D.  a.,  Ch.  H.  Birnbero  and  R.  Kurzrok:  Endocrinology  42: 20.  1948. 
Sprunt,  D.  H.,  C.  W.  Hooker  and  J.  S.  Raper:  Proc.  Soc.  Exper.  Biol.  &  Med.  41: 

398.  1939. 

Werthessen,  N.  T.,  S.  Berman,  B.  E.  Greenberg  and  S.  L.  Gargill:  J.  Urol.  54: 

565.  1945. 

METABOLIC  EFFECTS  OF  THYROXINE  INJECTED  INTO 
NORMAL,  THIOURACIL-TREATED  AND 
THYROIDECTOMIZED  RATS‘ 

Since  the  rat  has  classically  been  considered  an  animal  remarkably  re¬ 
fractory  to  thyroxine,  this  report  is  being  written  to  point  out  the  great 
change  in  sensitivity  produced  by  thyroidectomy.  Credit  must  be  given 
Meyer  and  Wertz  (1939)  for  making  similar  observations  10  years  ago,  using 
orally  administered  thyroxine,  but  their  results  have  long  been  ignored,  pos¬ 
sibly  because  of  the  claim  of  25  to  30  fold  increases  in  responsiveness. 

Young  adult  male  albino  rats  of  the  Sprague-Dawley  strain,  weighing 
280-350  grams,  were  used  in  this  study.  They  were  placed  on  the  limited 
feeding  regime  used  in  this  laboratory  in  which  food  intake  is  restricted  to  5 
hours  per  day,  resulting  in  an  essentially  post-absorptive  animal  which  was 
available  each  day  for  metabolic  study.  Such  rats  were  carefully  trained  in 
the  Benedict  (1930)  multiple-chamber,  closed-circuit  apparatus  for  deter¬ 
mination  of  oxygen  consumption.  When  thiouracil*  was  administered,  2  gm. 
of  the  drug  were  thoroughly  mixed  into  each  kg.  of  powdered  Rockland  Rat 
Diet.  DIj-Thyroxine*  was  injected  subcutaneously  in  an  alkaline  isotonic 
solution. 

A  single  dose  of  6.12  mg.  thyroxine  (equivalent  to  4.0  mg.  iodine)  per  kg. 
body  weight  caused  a  30%  increase  24  to  48  hours  later  in  the  metabolic 
rate  of  normal  rats,  as  can  be  seen  from  Figure  1.  A  week  later,  the  BMR 
had  returned  to  the  control  level.  With  animals  administered  thiouracil  for 
3-5  weeks,  the  extent  of  the  metabolic  response  was  approximately  the  same 
as  that  shown  by  the  normals,  as  previously  rejxirted  for  desiccated  thyroid 
substance  (Barker,  1945).  However,  thyroidectomized  animals  responded 
with  a  much  greater  metabolic  rise  which  lasted  3  weeks  instead  of  a  few 
days.  Figure  1  shows  these  comparisons  graphically.  The  injection  of  612  pg. 
per  kg.  per  day  for  5  days  gave  similar  results  in  that  the  thyroidectomized 
animals  exhibited  a  metabolic  rise  of  70%  which  required  13  days  after  the 
last  injection  to  return  to  the  pre-injection  level  as  compared  to  an  elevation 
of  44%  in  normals  which  had  disappeared  in  6  days. 
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One  one-hundredth  of  the  original  dose,  or  61  ng.  thyroxine  per  kg.  body 
weight,  injected  per  day  into  4  thyroidectomized  animals  produced  by  the 
5th  day  an  increase  of  32  cc.  O2  per  100  gm.  per  hr.,  60%  as  much  response  as 
that  with  the  612  ng.  dose.  When  the  amount  administered  was  next  decreased 
to  12  /xg4i  thyroxine  per  kg.  per  day,  the  O2  consumption  of  12  thyroidec¬ 
tomized  animals  was  increased  by  18  cc.  per  hr.  (Figure  2).  After  experiments 
testing  thyroxine  analogues  for  their  thyroxine-inhibiting  effects  had  been 
conducted  on  these  animals,  they  were,  continued  on  12  ng.  thyroxine,  allow¬ 
ing  the  BMR’s  to  return  to  their  previous  elevated  values.  The  hormone 
was  then  withdrawn  and  a  prompt  fall  resulted  in  every  instance. 


Fig.  1.  Metabolic  response  of  normal,  thiouracil-treated  and  thyroidectomized 
rats  to  a  single  injection  of  6.12  fig.  DL-thyroxine. 


Three  of  4  animals  tested  with  6  Mg-  thyroxine  showed  an  average  in¬ 
crease  of  9  cc.  O2  by  12  days  which  was  well  maintained  for  another  5  days 
on  treatment.  This  set  also  reverted  to  the  pre-treatment  hypometabolic 
status  when  thyroxine  injections  were  stopped.  Further  work  is  in  progress 
extending  the  analysis  to  still  lower  doses  than  6  Mg-  per  kg.  per  day.  Al¬ 
though  not  shown,  normal  animals  have  been  given  12  Mg-  and  thiouracil- 
treated  6  Mg-  per  kilo  per  day  for  three  weeks  without  changing  the  metabolic 
rate  of  either  group. 

Various  workers  have  estimated  the  amount  of  thyroxine  secreted  at 
normal  temperatures  by  the  rat  to  be  about  35  to  100  Mg-  of  DL-thyroxine  per 
kg.  per  day  on  the  basis  of  regression  of  thyroid  gland  size  in  thiouracil- 
treated  animals  (Dempsey  and  Astwood,  1943;  Schultze  and  Turner,  1945; 
Frieden  and  Winzler,  1948).  From  our  data,  not  more  than  20  Mg-  of  DIj- 
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Fig.  2.  Metabolic  response  of  thyroidectomized  rats  to  small  doses  of  DL-thyroxine. 
The  amounts  shown  were  injected  per  kg.  per  day. 


thyroxine  would  be  required  per  kg.  per  day  to  return  the  metabolic  rat 
of  thyroidectomized  rats  to  normal,  one-half  to  one-fifth  of  the  estimates 
quoted  above. 

The  clear  differentiation  noted  in  these  results  between  normal  and 
thiouracil-treated  rats  on  the  one  hand  and  thyroidectomized  on  the  other 
further  emphasizes  the  growing  realization  that  the  effects  of  the  drug  extend 
beyond  the  thyroid  gland  (cf.  Borell  and  Holmgren,  1948).  The  agranulo¬ 
cytosis  seen  in  some  patients  treated  with  thiouracils  probably  represents 
such  a  depression  of  an  extra-thyroidal  tissue,  the  bone  marrow. 

SUMM.4RY 

The  thyroidectomized  rat  has  been  found  to  give  a  metabolic  response  to 
a  daily  injection  of  G  pg.  DL-thyroxine  per  kilogram  of  body  weight,  an 
amount  inadequate  to  produce  any  increase  in  the  oxygen  consumption  of 
normal  or  thiouracil-treated  animals.  The  decreased  metabolic  rate  of 
thyroidectomized  rats  is  returned  nearly  to  normal  by  12  pg.  DL-thyroxine 
per  kg.  per  day.  A  chronic  mammalian  preparation  of  high  sensitivity  is 
thus  made  available  for  many  aspects  of  thyroid  study. 

S.  B.  Barker 

C.  E.  Kiely,  Jr. 

H.  J.  Lipn'er 

From  the  Department  of  Physiology 
State  University  of  Iowa,  Iowa  City 
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DIABETOGENIC  ACTION  OF  PURIFIED  ANTERIOR 
PITUITARY  HORMONES 

This  communication  deals  with  the  diabetogenic  action  of  three  of  the 
anterior  pituitary  hormones,  namely  growth  hormone,  adrenocorticotrophic 
hormone  (ACTH)  and  prolactin.  Previous  work  has  indicated  that  purified 
growth  hormone  is  diabetogenic  (Marx  et  al.,  1943;  Houssay,  1945). 

The  growth  hormone,  which  had  been  prepared  by  Armour  and  Co.’ 
(lots  #8KR32  and  #3PKR3)  exhibited  a  purity,  as  judged  by  the  electro¬ 
phoretic  diagram,  of  approximately  84  per  cent  of  a  single  component  which 
had  a  mobility  comparable  to  that  of  purified  growth  hormone.  Assay  of 
the  material  in  a  (>0-70  gram  hypophysectomized  rat  showed  that  a  50 
gamma  dose  per  day  caused  a  body  inclement  of  1.0  gram  jM'r  day.  The 
ACTH,  which  was  also  supplied  by  the  Armour  Laboratories  (lot  #45-.\-4), 
had  been  prepared  by  a  modification  of  the  Sayers  method.  Biological  assay 
on  hypophysectomized  rats,  making  use  of  the  ascorbic  acid  depletion 
method  of  Sayers  ct  al.  (1948),  showed  a  potency  of  90  per  cent.  The  amounts 
of  contaminating  hormones  such  as  prolactin,  growth,  thyrotrophic  and 
gonadotrophic  hormones,  were  negligible.  The  preparation  exhibited  0.4 
units  per  mg.“of  posterior  pituitary  activity.  The  prolactin,  which  was 
supplied  by  E.  R.  Squibb  and  Sons-  (lot  #71713),  showed  a  potency  of  24.2 
units  per  mg.  The  preparation  did  not  contain  an  amount  of  growth  hormone 
sufficient  to  increase  the  body  weight  of  4  hypophysectomized  rats  which 
were  injected  with  5  mg.  daily  (80  mg.  total)  over  a  period  of  17  days;  nor  of 
2  hypophysectomized  rats  which  received  10  mg.  daily  (110  mg.  total)  for 
11  days.  It  did  contain  ACTH  since  the  average  weight  of  the  adrenal 
glands  in  the  group  which  received  the  80  mg.  total  dose  was  28  mg.;  the  rats 
which  received  the  110  mg.  amounts  had  31  mg.  adrenals,  while  the  unin- 
jected  controls  had  20  mg.  adrenals.  By  the  Sayers  assay  method  this  lot  of 
prolactin  was  found  to  contain  10-30%  ACTH.  .According  to  the  rooster 
blood  pressure  method,  1  mg.  of  the  preparation  contained  0.008  internation¬ 
al  units  of  posterior  pituitary  activity.  The  gonadotrophic  and  thyrotrophic 
hormones  were  present  in  negligible  amounts. 

Partial  pancreatectomy  was  performed  on  dogs,  cats  and  rats.  It  has 
been  found  that  a  decrease  in  the  mass  of  pancreatic  tissue  greatly  increases 
the  sensitivity  of  the  diabetogenic  action  of  the  pituitary.  In  the  dogs 
83-87%  of  the  pancreas  was  removed,  in  the  cats  73-75%,  and  in  the  rats 
95%.  Batrachians  were  also  used;  in  these  the  pancreas  and  the  anterior 
pituitary  were  removed  in  their  entirety.  .All  of  the  mammals  showed  a 
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normal  blood  sugar  before  the  injections  were  started.  The  dogs  were  given 
50  mg.  of  hormone  per  kg.  per  day  for  4  days,  the  cats  25  mg.  per  kg.  per 
day  for  3  days,  and  the  rats  25  mg.  per  kg.  per  day  for  3  days.  These  injections 
were  made  by  the  intra-peritoneal  route.  Fasting  blood  sugar  determinations 
were  made  daily  during  this  period.  The  batrachians  received  1.0  mg.  per 
day.  The  injection  was  given  subcutaneously  immediately  after  the  anterior 
pituitary  and  the  pancreas  had  been  removed.  The  blood  sugar  was  deter¬ 
mined  24  hours  later. 


Table  1.  Diabetogenic  action  of  pxtrified  anterior  pituitary  hormones 


Animal  No. 

Highest  fasting  blood  sugar  during  injection  period* 

Growth  hormone 

Prolactin 

ACTH 

mg.  % 

mg.  % 

mg.  % 

Dog  if30 

336 

168 

140 

Dog  #2 

296 

147 

86 

Dog  #5 

185 

134 

89 

Dog  #10 

90 

133 

84 

Cat#l 

304 

97 

Cat  #3 

278 

221 

Cat  #6 

203 

Cat  #7 

167 

Cat  #9 

221 

Rat  #1204 

158 

Rat  #1206 

134 

Rana  pipiens 

Injected  (av.  10) 

144 

70 

.  163 

Control  (av.  10) 

78 

Bufo  arenarutn 

Injected  (av.  30) 

130 

108 

121 

Control  (av.  30) 

81 

*  Fasting  blood  sugar  before  injections  was  normal  in  every  case. 


The  results  of  this  study  are  shown  in  Table  1.  The  growth  hormone 
produced  hyperglycemia,  glycosuria  and  polyuria  in  3  of  the  4  dogs,  in  both 
of  the  cats  so  treated,  and  in  all  40  batrachians  used. 

In  dog  #30  a  permanent  diabetes  developed  as  a  result  of  the  injections. 
In  addition  to  the  3  courses  of  injections  as  indicated  in  Table  1,  on  3/30/49 
and  3/31/49  the  injections  of  growth  hormone  were  repeated.  On  4/1/49  its 
fasting  blood  sugar  was  336  mg.%  and  from  then  on  until  it  was  sacrificed 
(9/1/49)  its  fasting  blood  sugar  averaged  200  mg.%.  Clinical  evidence  of 
diabetes  was  apparent.  Body  weight  fell  from  20  lbs.  at  the  time  of  the  first 
injections  (2/12/40)  to  12  lbs.,  when  the  animal  was  sacrificed.  A  glucose 
tolerance  test  on  8/17/49  in  which  50  cc.  of  20%  glucose  were  administered 
orally  showed  the  following:  fasting  blood  sugar,  361  mg.%;  ^  hour,  432 
1  hour,  576  mg.%;  2  hour,  440  mg.%;  3  hour,  348  mg.%;  4  hour, 
327  mg.%;  5  hour,  328  mg.%.  During  the  last  month  8  units  of  protamine 
zinc  insulin  were  given  daily. 

Prolactin  produced  an  elevated  fasting  blood  sugar  in  all  4  dogs  injected, 
in  4  of  the  5  cats,  and  in  60%  of  the  batrachians.  In  the  dogs  and  cats  there 
was  glycosuria  and  polyuria  in  addition  to  the  high  blood  sugar. 
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ACTH  produced  hyperglycemia  in  only  one  dog  of  the  4  injected,  and 
in  83  per  cent  of  the  batrachians.  The  experiments  with  dogs  had  to  be 
interrupted  because  of  insufficient  ACTH. 

The  diabetogenic  action  of  prolactin  could  be  due  to  the  ACTH  since 
this  preparation  contained  10-30  per  cent  of  ACTH.  But  the  prolactin  effect 
was  more  intense  than  that  of  the  purified  ACTH,  which  had  a  potency 
of  96  per  cent.  It  is  possible  that  the  hyperglycemic  action  of  the  prolactin 
could  be  due  to  a  potentiation  of  ACTH  action  by  prolactin.  Another  inter¬ 
pretation  may  be  that  the  effect  of  the  two  hormones  was  additive.  The 
possibility  that  another  diabetogenic  agent  was  present  in  the  prolactin 
preparation  could  not  be  ruled  out. 

CONCLUSIONS 

These  experiments  indicate  that  the  growth  hormone  has  a  diabetogenic 
action  on  dogs,  cats  and  batrachians. 

Bernardo  A.  Houssay 
Evelyn  Anderson® 

From  Insliluto  de  Biologia  y  Medicina  Experimental,  Buenos  Aires,  Argentina 
and  the  National  Institutes  of  Health,  Bethesda,  Maryland 
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Physiology  of  the  Uterus.  2nd  Edition.  S.  R.  M.  Reynolds.  Paul  B. 

Hoeber,  Inc.  New  York,  xx+611  pp.  $12.50. 

This  is  a  book  of  strong  contrasts,  combining  singular  virtues  with  serious 
weaknesses.  On  one  hand,  it  gathers  together  an  enormous  mass  of  informa¬ 
tion,  provides  a  comprehensive  bibliography  and  offers  the  only  integrated 
guide  to  the  field.  On  the  other,  there  are  many  examples  of  poor  organi¬ 
zation,  misplaced  emphasis  and  faulty  digestion  of  the  data  cited. 

Examples  of  contradictory  statements  and  poor  organization  could  be 
selected  almost  at  random.  A  few  instances  will  suffice.  On  page  107,  in  dis¬ 
cussing  a  possible  placental  origin  of  progesterone,  the  author  says  “Aside 
from  the  fact  that  a  progesterone-like  extract  has  been  prepared  from  human 
placentas,  there  is  no  conclusive  evidence  to  show  that  such  a  hormone  is 
secreted,  rather  than  stored,  in  the  placenta,  and  some  workers  have  failed 
to  find  such  a  substance.”  Such  a  statement  certainly  implies  doubt,  at  least, 
that  the  placenta  can  produce  this  hormone.  Yet,  on  pp.  117  and  118,  the 
following  paragraph  is  found. 

“Immediately  preceding  labor,  or  accompanying  false  labor,  the  excretion 
of  pregnanediol  diminishes  markedly.  There  is,  accordingly,  much  proges¬ 
terone  produced  during  pregnancy,  at  times  when  the  ovaries  are  not  essen¬ 
tial.  It  is  presumed,  therefore,  that  progesterone  is  secreted  by  the  placenta 
(Fig.  19).  It  was  with  extracts  from  this  tissue,  in  fact,  that  some  of  the 
earliest  progestational  effects  were  obtained.  Excision  of  the  corpus  luteum 
in  the  very  early  months  of  pregnancy,  however,  leads  to  cessation  of  preg¬ 
nanediol  excretion  although  not  if  the  operation  is  at  a  later  time.” 

The  trail  becomes  still  more  obscure  when  one  notes  that  figure  19  is 
captioned  “Proof  that  the  human  placenta  contains  progesterone-like  sub¬ 
stances  in  late  pregnancy,”  that  fig.  20  illustrates  that  pregnanediol  excretion 
is  essentially  unaltered  after  ovariectomy  at  the  14th  week  of  gestation,  and 
that  “The  best  evidence  for  the  production  of  progesterone  is  found,  there¬ 
fore,  in  the  identification  of  its  degradation  products,  particularly  preg¬ 
nanediol.”  Moreover,  there  seems  to  be  no  doubt  as  to  the  adequacy  of  the 
experimental  method,  since  on  p.  116  the  following  statement  occurs. 

“In  the  human,  and  possibly  other  species  as  well,  estrogen  is  clearly 
elaborated  by  the  placenta,  since  ovariectomy  in  the  human  does  not,  as 
mentioned  already,  modify  the  estrogen-excretion  curve,  yet  immediately 
after  parturition  the  urinary  estrogen  level  drops  to  that  observed  in  cas¬ 
trated  women.” 

To  .sum  up,  after  ovariectomy  during  pregnancy,  estrogen  excretion  is 
maintained  until  term,  and  this  is  clear  evidence  for  the  secretion  of  estrogen 
by  the  placenta.  But  with  respect  to  progesterone,  an  exactly  equivalent 
set  of  facts  leads  the  author  to  conclude  that  the  hormone  may  only  be 
stored,  not  secreted,  by  the  placenta.  The  logic  is  faulty  for  one  of  these  two 
propositions. 

The  bibliography  is  extensive  and  valuable,  yet  its  organization  leaves 
something  to  be  desired.  It  is  divided  into  eight  sections,  corresponding  to  a 
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similar  parcellation  of  37  chapters.  I']ach  section  of  the  l)il)liofi;rapliy  follows 
its  corresponding  section  in  the  text,  ('onsequently,  the  index  becomes  cum¬ 
bersome,  and  finding  a  particular  textual  citation  from  the  author  index 
recpiires  several  steps.  First  the  appropriate  section  must  be  located,  then 
the  text  must  be  searched  for  the  assigned  reference  number.  More  usable 
reference  systems  are  well-known. 

Despite  these  criticisms,  the  book  is  invaluable  to  the  student  of  repro¬ 
duction.  It  is  the  only  one  of  its  kind,  and  it  contains  a  vast  amount  of  in¬ 
formation.  The  impression  it  makes  of  hasty  preparation  is  regrettable. 

E.W.I). 


ANNOUNCEMENT  OF  THE  1950  MEETING  OF  THE  ASSO¬ 
CIATION  FOR  THE  STUDY  OF  INTERNAL  SECRETIONS 

The  Thirty-Second  Annual  Meeting  of  The  Association  for  the  Study  of 
Internal  Secretions  will  be  held  at  the  Sir  Francis  Drake  Hotel,  Friday  and 
Saturday,  June  23  and  24,  1950,  in  San  Francisco,  California. 

The  Committee  on  Local  Arrangements  is  comprised  of  Dr.  Hans  Lisser, 
Chairman  and  Doctors  Leslie  L.  Bennett,  Roberto  F.  Escamilla,  Minnie  B. 
Goldberg,  Gilbert  S.  Gordan,  Laurance  W.  Kinsell. 

Hotel  accommodations  will  be  difficult  to  secure  on  short  notice;  there¬ 
fore,  members  are  urged  to  make  their  reservations  at  once.  All  requests 
must  be  addressed  to:  Dr.  William  Howard  Rustad,  American  Medical  Asso¬ 
ciation  (Hotel  Committee),  Room  200,  Civic  Auditorium,  San  Francisco, 
California. 

The  scientific  sessions  will  be  held  in  the  Empire  Room  of  the  Sir  Francis 
Drake,  and  registration  will  be  on  the  same  floor.  The  annual  dinner  will  be 
held  in  the  Empire  Room  on  Friday,  June  23  at  7:30  p.m.,  preceded  by 
cocktails  at  6:30  p.m. 

Those  wishing  to  present  papers,  which  will  be  limited  to  ten  minutes, 
should  send  title  and  four  copies  of  an  abstract  of  not  more  than  200  words, 
to  Edward  A.  Doisy,  M.D.,  St.  Louis  University  School  of  Medicine,  1402 
South  Grand  Avenue,  St.  Louis,  Missouri,  not  later  than  March  1,  1950.  It 
is  imperative  that  the  abstracts  be  informative  and  complete  with  results  and 
conclusions  in  order  that  they  may  be  of  reference  value  and  suitable  for  printing 
in  the  program  and  journals  of  the  Association.  Names  of  non-members  who 
are  co-authors  must  be  followed  by  the  words  “by  invitation,”  and  the  prin¬ 
cipal  degree  of  each  author. 

Nominations  for  the  Ayerst,  McKenna  and  Harrison  Fellowship,  the 
Sobering  Fellowship  in  Endocrinology,  and  the  Squibb  and  Ciba  Awards 
should  be  made  on  special  application  forms  which  may  be  obtained  from 
the  Secretary-Treasurer,  Henry  H.  Turner,  M.D.,  1200  North  Walker  Street, 
Oklahoma  City  3,  Oklahoma,  and  filed  with  the  Secretary  not  later  than 
March  15,  1950. 
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POSTGRADUATE  ASSEMBLY  IN 
ENDOCRINOLOGY  INCLUDING  DIABETES 


Sponsored  by 

THE  ASSOCIATION  FOR  THE  STUDY  OF 
INTERNAL  SECRETIONS 
and 

THE  AMERICAN  DIABETES  ASSOCIATION 
Miami  Beach,  Florida  Roney  Plaza  Hotel  April  }-8,  19^0 

The  faculty  will  consist  of  prominent  researchers  and  clinicians  in 
the  field  of  endocrinology  and  metabolic  disorders,  gathered  from 
the  United  States  and  Canada. 

The  course  will  be  a  practical  one  of  interest  and  value  to  the 
specialist  and  those  in  general  practice.  The  program  will  consist  of 
lectures,  clinics  and  demonstrations.  Ample  time  will  be  given  to 
questions  and  answers  at  the  end  of  each  session,  and  registrants  are 
encouraged  to  contact  members  of  the  faculty  for  individual  discus¬ 
sions. 

The  Roney  Plaza,  one  of  Miami  Beach’s  most  delightful  hotels, 
offers  special  convention  rates  to  members  of  this  assembly.  This  is 
an  unusual  opportunity  for  you  and  your  family  to  enjoy  a  pleasant 
vacation  and  for  you  to  participate  in  a  highly  instructive  program 
of  the  latest  advances  in  endocrinology  and  metabolism. 

A  fee  of  $75  will  be  charged  for  the  entire  course  and  the  attendance 
will  be  limited  to  too.  REGISTRATION  WILL  BE  IN  THE 
ORDER  OF  CHECKS  RECEIVED  AND  WILL  CLOSE  ON 
MARCH  5,  1950.  Should  there  be  an  insufficient  number  of  applicants 
to  fill  the  course,  the  registration  fee  will  be  refunded  immediately 
in  its  full  amount. 

Application  for  approval  of  this  course  has  been  made  to  the  Vet¬ 
erans  Administration.  Veterans  should  make  formal  application  to 
their  local  agencies  on  the  appropriate  form  (igose  or  1950)  as  fur¬ 
nished  by  the  V.A. 

Please  forward  application  on  your  letterhead  together  with  check 
payable  to  The  Association  for  the  Study  of  Internal  Secretions,  to 
Henry  H.  Turner,  M.D.,  Secretary-Treasurer,  1200  North  Walker 
Street,  Oklahoma  City  3,  Oklahoma,  before  March  3,  1950.  Further 
information  and  program  will  be  furnished  upon  request. 

Hotel  reservations  should  be  made  directly  with  the  Roney  Plaza 
Hotel,  Miami  Beach,  Florida,  and  the  hotel  advised  that  you  are 
attending  this  Postgraduate  Assembly. 
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